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ON THE MORPHOLOGY AND ONTOGENY OF THE FOLIAR SGLKRKIDH 
0¥ CODIAKVM VARIKVATI M BLUME 

hf! A. R. Kao. Reader In Botany arui .Tai.pa Pka.sad Tkwari. Research Srholar, 
Department of Botany. I’niverMity of Liichnoie 

(('oniiiumioutwl by S. N. Das Cbipta. F.N.l.) 

(Kereivffi April rent! October IU5U) 


Abstkact 

Tho mMHJrronoo and distribution of Kclon'idH in tho loaves and potals of rarit(fntufn 

v'lir. mollucr.artmD , horticiiltiirHlIy known as var. neo-giiinrrtso was HludioiL 

The fM'talH have Hchu'eida in the form id thirk wulkd hairM which are tranafoinKMl opidor- 
rnal rolls. 1 lu> leav<^8 ami prophylln have a network of v'orv lonp; and branched HoloreidH with 
t hick lamoilatod walls. An ontogonotio stmly show’s that ihoso arc iransforincHl hiliciforouH 
vosRola. Siioli scloroids arc also pr(‘Kont in Uio petals hut their walls an not si‘ much thiokenoii. 
'rhcs<^ branched sclorcids could, on the basis of their shape, bo i)laotHl under the type ‘‘ow^ro- 
.sWerctei?” or ‘^polv-m Orphic Rclertids" of various authors. 

So far as the authors arc aw’are this is the tirst report of I hi* occurrence of sclereids in 
( odiaeum variegalum \i\v. /wo/Hcmaa/// and alsi> of the conversion of laticifennis vessels into 
*<eler*eid8 in this f^enus. 


INTIIODIKTION 

TIk' Study of foliar sidereids in Indian angiosfXM ms has not only been a recent 
inspect of botanical study but is also confnu^d mostly to the work of llao ( 19i)l , 1908), 
Subramanyan and Rao (1949), Krishnaswamy (1942), Kao and Kiilkarni (1952) 
itnd Rao and Kelkar (1951). The subject however is interesting not only from the 
histological and anatomical ytoint of view but is also of taxonomic importance, 
particularly in the study of sterile material of spermatophytes. This study is also 
likely to be of very gre^it value to the palaeobotanist who has to deal with fragments 
of plant material. In view* of the importance of this subject a series of investiga- 
tions on the sclereids of some select Indian types have been undertaken. And the 
f)resent paper is the first of the series and embodies our observations on OodiaeMvi 
mirlecjatum Blunie var. mollnccxmum Muell. a member of the Euphorbiaceae and 
horticulturally known as a variety neo-tjuineenfie , 

MATKIUAbS AND METHODS 

L#eaves and petals were studied and collected from the plants growing in the 
departmental garden. 

Hand sections as well as microtome preparations, macerations and cleared 
whole mounts of leaves of different ages were examined. 

Leaves were macerated by keeping them in concentrated nitric acid for 3 or 
4 days and then were teased out. 

For making cleared whole mounts leaves of various ages were dehydrated in 
normal series of alcohol, cleared in xylol and mounted in Canada balsam. However 
excellent clearing of the leavefi was obtained when they were kept for some time 
in concentrated nitric acid prii'jr to dehydration. The cleared whole mounts were 
studied unstained. * 

The plant under investigation has numerous laticiferous vessels, This was 
confirmed by staining the sections in dilute aqueous iodine solution followed by 
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aqueous cosine or erythrosin. Then, the iatcx tubes stain rose-pink and the starch 
grains purple. This is a method recommended by (iatenby and Painter (1937, 
p. b47). The sections were directly mounted in 2 |>er cent aqueous acetic acid 
or dehydrated, cleared and moiint^ in Canada balsam. 

Safranin, Gentian Violet and Haematoxylin were the stains used. A clove-oil 
stain was also used often for counterstaining. TemjMuary mounts were staiiunl 
with Cotton Blue. 

MoHPHOIXHiY AND DISTlUBirTION OF TIIK SCLEHKIDS 

Svhn 'iiU in peiulM : ''rhese may o(‘cur in th«^ form of unbranched, th^rkwalled 
irregularly arranged hairs distributed on the inner surface of petals. Each such 
sclereid (Fig. 1) consists (»f two portions — a rounded base embedded in the petal 
tissue and a cylindrical liody straight or variously t iirved and tape^ring to a point. 
The lumen compared to the size of these sclereids is small. 'Fhe thick wall of the 
sclereid is homogenous, and unlamellated. 

Some long and branched scl(*reids were also found in, the petals, 'fhese, like 
the ones in the leaves (discussed below), are latex carriers at first but later the 
contents gradually disappear and they become slightly thick wallcHl. 

Sdereidfi in Uavts and prophylU : These are numerous and branched in the 
leaves and prophylls as well. Fig. 2 show's a diagrammatic n^pre.sentatiou of the 
distribution of sciereids in a leaf as seen in a cleared leaf mount. The st lereids form 
a (continuous submarginal series as seen in Fig. 2 and Fig. 1, Plate I. Further, tlu^y 
are distributed in a direction at right angles to the midrib. few of these are also 
irregularly oriented. Fig. 3 is an enlarged sk<‘tch of a part of the lamina show ing a 
bifuix'ating vein accompanied by mostly parallel but also irn^gularly oriented sclereids 
disposed (UtluT solitarily or in bundles. The sclereids can be s(‘(‘n to be v(*ry long 
sinuous often completely bent and the walls are heavily lamellated. 'fhese 
lamollations numbering three to four, often more, are seen (*learly in transverst‘ 
sections of the marginal sclereids seen in a cross-section of a leaf (Fig. 4). The 
sclereids as seen in surface studies are very long nearly one sixth of th(‘ (Uitire 
length of a lamina. Sclereids in older leaves often .show small protuberaiu^es to 
various extent looking almost like spines (Fig. 5), or stunted branches (Fig. b, 7, 
and 8). Such branched sclereids are found in the spongy meso])hylI of the leaf 
(Fig. 9 and Fig. 2, Plate I), their bninches often running into the {mlisade ti.ssue. 

Sclereids in petioles and in the midrib are often short('r in length, unbranclK'd 
and are mostly distributed in the cortex (Fig. 10). Even here they may bi^ solitary 
(»r in bundles. They are however shorter than those in the leaves (Fig. II). 

Ontoueny of the .sclereids 

So far as observed, the sclereids, discussed above, leaving aside the epidermal 
hairs, are not cut off from any procambial strand, but are converted laticiferous 


Explanation of Text- fig. 1 

I. Sclereids on j>otnls, b-lmlbon.s base, 1-lnraon, w-tbick wnll. 

Distribution of’ sedereids a.s senm in a cloarod leaf mount. 

3. A part of the above drawn on a large scale to show the branched vcin-v and aclereid.*?- 
seb, some running with the vein and others irregularly disposed. 

4 . Transverse section of leaf showing scjlereids w ith^lamellatml walls e-upper epidermis, 
4-Iower epidermis, l.t. -laticiferous tuln*, p-paliaade. scl -sclereids, sp-sjwngy j)arenchyma, vb- 
vascular bundle, xy-xyloni,. 

5. Part of an old sclereid showing spine-like out growths, sp -spine. 

6. Parts of old solereids showing stunted irregular branches. 

7. Another old and very long branched sclereid. 
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ve88el8. In very young stages these sclereids are thin walled, large lumened and 
have inclusions which answer to the latex test as stated above. Some of the branched 
laticiferous ve^isels in their earlier stages (Figs. 12 and 13) liave inclusions, are slightly 
brittle and even break apart into pieces. loiter, the latex is absorbed and the walls 
become stratified (Fig. 14) by a deposition of several lamellae of a substance whose 
nature could not be satisfactorily ascertained. Several such imperfect sclereids, 
parts of which are thin- walled and laticiferous and parts of which are devoid of 
latex prior to sclerization, were observed generally in the spongy me84)phyll of the 
leaves. But the laticiferous vessels that are generally distributed in the palisade* 
remain laticiferous except very rarely when they too are converted into sclereids 
(Sec Fig. 9). It thus appears from ontogenetic studies that the sclereids arc 
essentially converted laticiferous vessels. Himilar phenomenon has bet n olVscTved 
by Rao (1951) in Iloya paucijlora, a member of the Asclepiadaceae. But so far as we 
are aware this has not been reported in the Euphorbiaceae. 

These branched Bcloreids could l>c placed under AsUro ficUreidf^ (1\schircli, 1885 
p. 301-2; FohUt, 1942, p. 68; Fames & MacDaniels, 1947, p. 89; and Esau, 1953, 
p. 213). 'fhey also agree in general form with the polymorphic^ type of sclereids, 
regarded as rnodifi^ spongy cells and placed by Rao (1951, page 32) under 
Group III (Tyixi IV). 

The sclereised epidermal hairs on the other hand arise* as small papillae and 
continue to grow as short thin walled protuberances upto a certain length (Fig. 15). 
They continues to grow upto a particular stage (Fig. 16). IWely a cross- wall may 
also appear and the papilla may become a two celled-tilament (Fig. 17). At this 
stage the cells are den-sely protoplasmic with wide lumen and thin waills. As .s(H)n 
as their growth stops the walls become thickened hornogeiuiously although they 
do not show ony stratification of the wall layer as in the foliar s(;kreids. 

These transformed epidermal hairs come under Group I of Rao (1951). 

Aoknowlkihjkmknt 

The aiihors are greatful to Mr. I^ncaster of the National Botanical Gardens, 
J^ucknow, who identified the variety ufo-guiufefm' for them. They an^ greatly 
indebttjd to Dr. T, A. Rao who very kindly and readily helpeil them with tlu* 
literature. They also thank Mr, S. K. Nath ,who took the photographs 1 and 2. 


Explanation of Tkxt-kk;. 2 

8. An old and vory long branohotl sdereid. 

9. Tran8vor8<\ soc^tion of leaf allowing scleroids and branohod latiioferous tubes in tli<‘ 
mosophyll. A Hinnll sclereid is swn in the palisade, e epidei mis, e-lowor o))id<‘iTnis, p-palisadt*, 
l.t. -latex tube, sol-scloried and v.b. -vascular bundle. 

10. Part of a section of jietiole showing solereidK in the ground tissue out transversely. 
Note that sclereids occur solitarily or in bundles, e-epidennis, scl-8<‘lereid, ph-phlcK^i, 
xy-xylem, p-pith. 

11. Part of a longitudinal section of |^>etioIo showing short srlewids. 

12. and 13. Branched laticiferous tubes with partly preserved inclusions or latex shown 
black. The laticiferous tube shown in Fig. 13 is breaking up into pieces. 

14. Transverse section of leaf showing a sclereid formed from a laticiferous tube. The 
latex contents con be seen in the lumen sol-sclereid, latex cortents. 

15, 16. and 17. Hairs (sclereids) on i^etals in difforerft stages of development. 
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NOTES ON SOME OElXXiONIALES FROM KERALA KfATE, INDIA 


hij Ct. S. Vk.vkatahaman ami K, V. Nataha.»an, AlnaJ. Ijabaraiory, IMauy 
Dirisum. Indian AijricuUunU RtJtearch Itu(tUutt\ New Delhi J2 

((\>inmuni(Ht(Kl hy M. }<. Ramlhawu, F.N.I.) 

{Hfceirfd. An(juet 12: read (kioinr lUliU) 


Abstkact 

’Phiw of tho gonu« liulbochaci^ ttnd fiftwn of Oedogotiimn arf» cli^ribod fronn 

Ki^raln State, of wliich one sjKHuee of HuUiOchaeie- and one \ ju*i«ty and one form of OethffOfiiuiH 
an^ new. An omoiuiiid doacniption of Oedogotntwi perspu'uum iiirn in given and Oe. kertikti^ 
IS rochiced to a variety of <)e. perf<pirm4in H irn. Tho worhl distrihiit ion of tho forms is also given. 

InTHOIUK’TIOK 


'Phe w)lU‘( tii>ns on which t liis study is based were made by Dr. M. S. Handhawa 
Prom Kerala State during .lanuarv To Dr. liandhawa we extxmd our grate- 

Pul thanks Por the opjK>rt unity oP working on tliis material. 1 he most striking 
Peature oP these collections is the preponderance oP Oedogoniales. However, it 
is difticiilt to Porm any definite idea oP the algal flora of the region from few samples 
and it is earne.stly lioped to get mor(‘ material at some future date. 'I’he desira- 
bility of survey Of this region, which remains largely unexiihmsl, is strongly 
iiidiettted. 

Ill all IS forms are described in this paper including 1} oi liidhochmte 
l.’> of Oedogouuifn of which I specii‘s of liulhocluietc and 1 variety and 1 toiin 
of Of dogoniuiu are new. (kdoqonium k( rah use deHcribed by Erady and Rajappan 
(lOoS) from this region has beeii r(Hluced to the rank of a variety of Oe, p^^rspicuum 
Kirn and the description of the type is emended. (Critical notes and tlie general 
distribution of the forms are also giv^en for the forms re|>orf<Hl lien*. 


(iKNUs Hulbocluiete Aoahuh 


I. lialhochaetc iuleniiedia D*- Hary. Him. IthfO, p. t. Idl, figs, 

Tiffany, HKIU, p. :5r>, 1. J, fig. o; liKH II. p. 8. t. II, fig. 14; (Jemeinhardt. I1U5), 

p. !179, tig. 40(). 

Dioecious, nannandrous, gynandrosporus: Oogonia subdepresml globose, 
patent, below androsporangia; division of the suflFultory cell median; Oosixire same 
form as the oogonium, outer .spore wall scrobieulate; androsporangia l-.I, epigymius 
or scattered; nannandria on oogonia, stipe slightly curved; antlieiidium intenoi 


(figs. t> -7). 

Vegetative cells 12-l(i x :{2-(>4//; Oogonia .I(»-44 x 
28-.‘12/<; androsporangia 1 1.4— 13.3 X 7.(>--l 1.4/r; dwarf male 8-10 X 12-ltt/t. 

The present form differs from the type and var. depresMa in its slightly smaller 
dimensions. 

Habitat : Epiphytic qfi aquatic plants along with B. varuins var. Aubstmpkx. 
Krishnapuram, Kerala, January 13, 1959. 

Distribution : Africa, America, Australia. China, England and Europe. 
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2. BiUbochmie variant Wittrock var. mibHimpUx (Wittr.) Him. Him, 1900, p. 357. 

t, LX, fig. :m; Tiffany, 1930, p. 45, t. VI, fig. 49; 1937 II. p. 13, t. V. tig. 4K; 

Gemeintiardt. 1939, p. 406, fig. 502. 

Di^)Cciou8, nannandrouH, gynandro8[K>rus; Oogonia ovoid to ellipnoid, pattmt. 
(H’ erect, below terminal Hotae or androsporangial cells or very rarely below vegeta- 
tive cells; division of the suffultory cell supreme; Oospore same form as the 
oogonium, wall of the oospore longitudinally ribbed; androsporangia epigynous 
or scattered, 1^2; dwarf males cm or near the oogonia; antheridium exterior, 1-3 
(fig. 5). 

Vegetative cells 15.2-19 / 19-22.8//: Oogonia 26.8 30.4 x3H^-4r).fi//; O^'sporc*.^ 
22.8-^26.6 X 35 -43.7/i: androsjx/rangia 1 1 .4 -13.3 x 7.6 1 1.4//: dwarf male stipe 
1 1 .4 15.2 X 22.8 38/^; antheridia 7.6^ 1 1.4 x 3.8-7.6/y. 

Habitat : Kpiphytic* on aquatic plants along with />. int^rnfftHa. Krishna* 
puram, Kerala, .fanuary 13, 1959. 

Distributian : Australia, Brazil, British Columbia, (3nna, India (Caleuttit 
and Bombay), Europe and United States of America. 

3. RuUH)chaf*tr kerahmf, sp. nov. 

Dioecious, nannandrous. idiandrosporus; vegetal iv(‘ ( ells ( ylindrical. longer 
than broad; Oogonia depresstnl -globose, erect, below a terminal seta very rarely 
below vegetative ca'lls; division of the suffultory cell basal; Oospore of the same 
form as the oogonium, completely (illing it. oospore wall sen)bi(mlate; androsporan- 
gia 1~4, occurring on lateral branches, eith(‘r terminated by a seta or interealarv; 
dwarf male situated on or near oogonia, on the terminal cells or v(‘ry rarely on 
the intenalary vegetative e(^lls; dwarf male stip<‘ slightly eurv(Ml, occurring in 
clusters; antheridia exterior, 1- 2 (figs. 14). 

Vegetativ(^ cells 11.4-15.2 x22.8-45.6/^; Oogonia 34.2-38 x 3t). 4-34. 2//; Oo.sport s 
32.3““3(). I X 28.5-32.3/i; andros[)orangia 11.4 x11,4//; dwarf male stipe* 11.4 l.‘).3 > 
22.8/y; antheridia 7.6x3. 8-7. 6//. 

Dioiea, nanandra, idiandrospora; cellulae vegetativae (vlindricai*. longiores 
(piam latiorc's; (K)gonia de[)resso-globosa, ereeta, ifra setarn terminalem, raro infra 
cellulas v(^getativas; divisio cellula suffuleientis basalis; oospora eiusdem formae 
ae oogonium, penitus iinplens (x^gonium, parietiluis scrohieulatis: androsporangia 
1-4, ramis lateralibu.s insulenlia, turn di'sinentia in setam turn int(‘realaria; mares 
nani prope oogonia vel iis insidentes, super eellulas tenninales vel rarissirne super 
cellulae intercalares; (^ornm vero stipites tenuiter eurvati, fasi ieulat i; antheridia 
exteriora, 1-2. Ollulae vegetativae 11.4- 15.2x22.8-45.(5//: oogonia 34.2-38/ 
30.4- 34.2//: oospora 32.3-36.1 x 28.5 32,. 3//; androsporangia 11.4 : 11.4//: stipes 
maris nani 11.4-13.3x22.8//: antheridia 7.6 X 3. 8-7. 6//. 

This form comes very eh^se to B. ftcrohiculatn Tiffany in its serobicailate oospore 
wall but differs from the sivme essentially in the idiandros])orus nature of the plants. 
From the other idiandrosfiorus species of this genus having serobieulate oospore 
membrane, this form can be easily distinguislied by the basal division of the 
suffultory (M'II. 

Habitat : Epiphvtie on acpiatie plants, KiHtarakara, Kerala, rianuarv 15, 
1959. 

Typuft : Randhawa collection BKr-159. Indian Agricultural Research Insti- 
tute, New Delhi, India. 


(jr KNITS Oidixjonium Link 

4. ()ed<Hf07hnm perxpicumn Him char, emend, Venkatafaman & Natarajan (Him, 
1900, p. 273, t. XLVI, fig. 293). 

Plants at first attached by means of lobed elongated ol>ovate hapteral cells. 
Dioecious, nannandmus, idiandrosporus: Oogonia solitary or 2-9 seriate, terminal 




Figs. 1-7. BtUbochaele keraleTtse sp. nov. 1, part of the androsporangial plant; 2, an ino^ture 
oogonium below a vegetative cell; 3, oogonium with a mature oospore showing the 
sorobiculate spore wall; 4, female plant with basal cell, oogonia and dwarf males; Fig* 
5, B. vari-ans var. svbsiini^x (Wittrock) Him.; Figs. 0-7, B. intermedia De Bary. 
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or intercalary, depressed or sub-depressed globose or sub-depressed-pyriform- 
globose, operculate, division median, wide; Oospore globose or rarely subglobose, 
not filling the oogonium or filling the oogonium to a fair extent, but not fully, spore 
wall smooth; sulTultory cell same as the vegetative cells; androsporangia 2 to 
many seriate; nannandria unicellular, on oogonium, rarely on suffultory cells or 
sometimes even on vegetative cells; terminal cell broadly rounded (figs 8-11). 

Vegetative cells (26) 34.8-45.6 (49.4) x 114-140.6 (171)//; 8uffulU>ry ceUs 
34.2-49.4x67.4-114 (152)//; Oogonia 83.6-91.6x60.8-79.8//; Oospores (57) 60.8-76 X 
(57) 60.8-76//; androsporangia (19) 26.6-38x (7.6) 11.4-19//; nannandria 15.219 
(22.8) X 19-26.6//. 

Habitat : Initially attached to the aquatic plants, later becoming free-floating 
in freshwater puddles, Kottarakara, Kerala, January 15, 1959. 

Typm : Randhawa collection OKI- 162, Indian Agricultural Research Insti- 
tute, New Delhi, India. 

Plantae primo fixae per celluias hapteras lobatas elongatas obovatas, dioicae, 
nanandrae, idiandrosporae; oogonia solitaria vel 2-9 seriata, t/crminalia vel inter- 
(alaria, depresso-globosa vol subdepresso-globosa, vel subdepresso-pyriformi- 
globosa, operculata, divisione media, lata; oospora globosa raro subglobosa, oogo- 
nium non implens vel idem implens plus minusve sed non penitus, parietibus levibus- 
cellulae suffulcientes eaedem ac cellulac vegetativae: androsporangia bis ad pluries 
seriata; nannandria unicellularia, oogonio raro cellulis suffulcientibus vel non- 
nuniquarn cellulis vegetativis insidentia; cellula terminalis late rotundata. 

DiMrihutum : Australia and (3una. 

This form should, however, be compared with Oe. keralense Erady & Raja])pan 
(1958) which was also described from Kerala. Or. krralmsr is said to differ from 
Oe. perspicuum in having more globose and very slightly compressed oogonia, 
oospores filling the oogonia to a much greater extent than in the type, the idian- 
drosporus nature of the plants and the occurrence of nannandria occasionally on 
suffultory cells or even on the vegetative cells. The sha[)e of the oogonia and the 
extent to which the oospores are filling the oogonia (a filature one of degree) show 
considerable variation in the same material, soraetimc^s in the same filament, and 
hence may not serve as a specific criterion to distinguish the species. 

Him (1900) in his original description of the type itself mentions “....(0 
idiandrosporus. . . . ”, thus hinting its possibility, although the latter authors like 
Tiffany (1930) and Gerneinhardt (1939) have omitted this doubted’ character in 
their monographs. The finding of the definite idiandrosporus nature of this present 
form and of Oe. krraleme naturally clears t he doubt of Him and adds to the original 
description a definite character as well as the occurrence of nannandria on or near 
oogonia or rarely on vegetative cells as observed in the present form and in Or. 
krraleme. An emended description of this species including all these features is 
given above. 

In Oe. krraleme, the antheridia are said ti) be . .antheridiurn internal, 
anthefidial cells 2. lower cells smaller, sterile stipe cell absent, antherozoid one 
from each cell. . . .”. In Or. perspicuiun, from which Oe. keraleme is said to differ, 
the nannandria are unicellular. It is, however, not clear whether in Or. keraleme 
the unicellular nannandria produce two sperms or the nannandrium is two celled 
each functioning as an antheridiurn. If the latter is the case, as described, then 
the two celled antheridia alone separate Oe. keraleme from Oe. perspicxium and 
at best, the former may be regarded as a variety of Oe. per^picnutn. 

The present authors do not agree with Him, (1900), Tiffany (1930) and Geme- 
inhardt (1939) in treating Oe. dioicum Carter in West & West (1901) as a synonym 
of Oe. perspicuum, since the former is dioecious-macrandrous with a superior division 
(West & West, 1901, Bot. Tidskr. 24 : 175, fig. 42) while Oe. perspicuum is dioecious- 
nannandrous with a median division. 
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Figs. 8-11. Oedogonium perspicuum Him Char, emend, Vonkatarftman and Natarajan* 

a female filament epiphytic on an androsporangial filament; 9, a terminal oogonium 
(note the dwarf male on the suffultory coll); 10, a series of six oogonia terminally diapKlied; 
11, a series of three intercalary oogonia (note the extent of variation in t^ oospores 
filling the oogonia in figs. 10 and 11). 

Oedogonium perspicuum var. keralense (Erady & Rajappan) Comb. nov. (S)ai. 
Oe. keralense Erady & ^jappan 1958. Kew Bull. Nr. 1, pp. 53-56, figs, 1-8), 
Characters as in the species; mature dwarf males obovoid, two celled; antheri- 
dium internal, antheridial cells 2, lower cell smaller, antherozoid one from each 
cell. 
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Reported by Erady & Kajappan (1958) from shallow waters in the paddy fields 
at Mayyanad, Kerala State. 

Cellula mascula nana oboVoidea, bicellularis; antheridiis interioribus; ceterum 
ut in typo. 

5. Oedogonium longipilum Jarj. Jao, 1937, p. 304, t. II, figs. 14-16. 

Dioecious, macrandrous; Oogonia I, rarely 2, terminal ellipsoid, operculate, 
division supreme, operculum usually deciduous; Oospore of the same form as the 
(X)gonia and quite filling the same, spore wall smooth, antheridia 1-9, terminating 
the filament; sperm 1; basa) cell not elongate, tumid; terminal cell extended into 
long hyaline seta. ^ 

Vegetative cells 7.6-11.4x19-26.6/4; Oogonia 22.8-26.6x26.6-30.4/4, Oos{>ores 
19.0-22.8x22.8-26.6/4; antheridia 7.6-9.5x11.4//; basal cell 11.4x19//. 

Habitat : Attached to the aquatic plant/s, Kottarakara, Kerala, January 15, 
1959. 

DisiribtUion : Szechwan, Oliina. 

6. Oedogonium armigerurn Him forma major form nov. 

Dioecious, nannandrous; oogonium 1, subglobose, poriferous, pore superior; 
oospore globose, nearly filling the oogonium, outer layer of the spore wall echinate; 
dwarf male slightly curved on suffultory cell, stipe 2-4 celled sometimes; antheri- 
dium exterior; suffultory cell enlarged (fig. 12). 

Vegetative cells 11.4-15.2x64.6-114/4; suffultory cell 19x76//; oogonia, 
38-45.6 X 45.(i-‘57/4; oospores 34.2 x 34.2//; dwarf male stipe 1 1 .4 x 34.2-41 .8//, 
antheridia 9.5x15.2/4. 

Dioicum, nannandrum; oogoniis singulis, subglobosis, poro superiore apertis; 
oosporis globosis, oogonia vix complentibus, episporio echinato; cellulis suffultoriis 
turaidis; nannandribus paullulum curvatis, in cellulis suffultoriis sodentibus, stipite 
interdum bi- vel tricellularis. 

This form is characterized by echinate oospore wall and swollen suffultory 
cells. The present form is much bigger than the type and hence it is treated as 
a new form. 

Habitat : Epiphytic on aquatic plants, Kottarakara, Kerala, January 15, 
1959. 

Distribution : The type species was reported from Brazil and forma tenuAs 
Singh was from Gorakhpur, U.P., India. 

Typus : Baudhawa Collection OKI- 160, Indian Agricultural Research Insti- 
tute, New Delhi, India. 

7. Oedogonium cyathigerum Wittrock var. unicellulares var. nov. 

Dioecious, nannandrous, idiandrosporus; oogonia 1, subovoid to ellipsoid- 
ovoid, poriferous, pore superior; oospore same form as the oogonia, filling it, outer 
layer of the spore wall smooth inner layer with l(>-20, sometimes anastomosing 
longitudinal ribs, dwarf males unicellular, globose to obovoid, on oogonium; antheri- 
dium interior, sperm 1 (figs. 13, 14). 

Vegetative cells 38-45.6x91.2-133//; oogonia 68.4-72.2x83.6-91.2//; oospores 
64.6-68.4 x 72.2-72//; androsporangia 30.4-34.2 x (7.6) 1 1 .4-19//; dwarf males 

15.2-19x15.2-19/4. 

Dioicum, nannandrium, idiandrosporum; oogoniis singulis, suboboviformibus 
vel oviformi-ellipsoideis, poro superiore apertis; oosporis forma oogoniis similibus 
et ea complentibus, episporia laevi; mesosporio longitudinaliter costato, costis 
continuis vel raro anastomosantibus, in medio oospgrae circa 16-20; nannandribus 
unicellularibus, globosis vel oboviformibus, in oogoniis sedentibus; antheridiis^ 
interioribus. 
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This form can be readily distinguished from the type and the «>ther varieties 
by its broader vegetative cells and globose to olwvoid unicellular dwarf males as 
against the goblet-shaped dwarf males in others. The suffultory cell is luit always 
swollen and it is nor uncommon to find glolnjee oospores also as in a form of 
Oe. cyathigerum reported by Fritsch & Rich (1924) from Africa. 

Habitat : Free-floating. Kottarakara. Kerala, January 15. 1959. 

Typm : Randhawa (\)llection OKI-lfil. Indian Agricultural Rc'search Insti- 
tute. New Delhi, India. 


H. Oedogonium spirale Him. Him. 1909, }». 201. t. XXXIll, fig. 206; Tiffany, 

193ff p. 123, t. XLIV, figs. 427, 428. 

Dioecious, nannandrous. idianctrosporus: cM)g<inium I. subglolswc' or obovoid 
globose; poriferous, pore median; oospore glolM)8c‘ or subglobosc, not completely 
filling the ogonium; oospore wall double, the outc'r wall with 4-8 spiral ribs, 
anastomosing, united at the poles, inner wall 8nKK)th: androsjH>rangia l-l; dwarf 
male a little curved, near the oogonium; antheridiiim exterior, sperm 1 (fig. 15). 

Vegetative cells 30.4x60.8-133/f; oogonia .53.2xtM.0/i; <M)spores 45.6x53.2/1; 
androsporangia 19-22.8 / 1 1.4-15.2/<; dwarf male sti|Ks 15.2-19 x57-60.6/i; anthori- 
dia 11.4x15.2//. 

Habitat : Free-floating along with Oe. cyathigerum var. iinkeUtdaren var. 
iiov. Kottarakara, Kerala, .lanuary 15, 19,59. 


HiMTibutwn : Ceylon, China, India (var. ac.uturn West & West; var. majm 
Singh) .Java, Latvia and United States of America. 

9. Oedogonium cxipillare (Linn) Kiitz. Him, 1900, p. 112. t. XI, fig. 58, Tiffany, 
1930, p. 80, t. XVIII, figs. 164, 16,5; (lemeinhardt. 1939, p. 120, fig. 109. 
Dioecious, macraiidrous; oogonium 1 , same as the vegetative cells in aiametOT, 
cylindrical to sub-cylindrical, j/oriferous, |)ore suiwrior; oospon^ glob/)s<5 or rarely 
cvlindric-globose, fiiling the oogonium or not, deep ochre m colour; sjswe wall 
smooth; antheridium 1-4, often alternating with tlu! vegetative cells; sperms 
by a horizontal division ; basal cell elongate (Figs. 16-18). i ,.>*,> u 

‘ V^egetative cells (female) 41 .8-45.6 X. 57-64.6//; vegetative cells (male) 

X 45.6-76//; oogonia 41 .8-45.6 X 34.2-.57//; oosjxires 38x30.4-.18//; anthendia 
34.2-38x7.6-11.4//. 

Habitat : Free-floating, Padmanabhapuram, Kerala, .January 14, 1959. 
Distribution : Africa, Austria. Denmark, Finland, France, Germany, Italy, 
India, Latvia, Russia, Spain, Sweden and United States of America. 

10. Oedogonium niultisporum Wood. Him, 1900, p. 232, t. XXXIX, fig. 2.39, 
Tiffany 1930, P- 13L 4. XLVI, figs. 450, 451. , 

Dioecious nannandrous; oogonium 1-3, subglobose to subobovoid, pore superior, 

..ospJie gSse spL wall smooth; dwarf male a little curv.d or erect on oogomum; 
antheridium exterior, 1-4 (fig. 19). 

Vegetative cells (7.6) 19-87.4//; /logonia 2^^^^^^ 

oospores 26.6-32 X 26.6-32//; dwarf male stipe 11.4/ 26.6-3*.//, antheridia 7.6 1 . X 

7.6-9. 5//. 

Habitat: Free-floating, Krishnapuram, Kerala, .January 1.1, I9,)9. 


Mcrtag» v4ott!™S in tin. type thu, .pj.r.,xir..ting 

thJ vlr. Ackley but .gn*. w,th tbe type ... the 

measurements of the other parts. 

i»“ uTsb,’’/. f ‘bg'c. aSeiSS: 

1939, p. 346, fig. 426. 
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Fig. 12~19. Oedogonium artnigerum forma major form nov; 13-14. Oe. cyathigerum var. 

uniceilulare^ var. nov*; 15, Oe, spirale Him.; 16-18. Oe, capUlare (Lirm) 
KUtz. 19, Oe muUiftporum Wood, 


Dioecious, macrandrous; oogonium 1, obpyriform, ellipsoid or subglobose 
ellipsoid, in section usually binodulose, inferiorly inflated, poriferous, pore superior; 
oospore globose to ellipsoid, in the lower inflated portion spore wall smooth. 

Vegetative cells 1 1 .4-15.2 x 38-89/i; oogonia ^ 22.8-34.2 x 38-57/t; oospores 
26.6-30.4x30.4-38/4. 




OBDiXiONlALKS FROM KEKAUA STATR, rNDIA 


This 18 an imperlectly known species but «an l>e readilv distinguishwi by its 
binodu ose oogonium which is inferiorly iiiflat<Hl. Tliis form must be commred 
with Oe. elitpft^um Jao where the oogonium is superi.)rlv inHateil. The male 
plants of this form have been reeordetl by Tiffany from the collections in Puerto 
Kico by N Willy. However, only the female plants of (his form are found in the 
present collections and that too quite si>arse. 

Habitat . Itpiphytic on aquatic plants along with HuUKKh 4 uU mtrrtfiedia 
^ var. •suhsiwplej:'. Very rare. Krishnajnirani. Kerala. .lanuary lit, 


Diftlribution. : Brazil. China and N. America. 

12. Oe.dogonium paucacostatujn Transeau. Transeau. 1(114. p. 300. t. XXVIll, 
fig. o; TiflFany, 1930. p. 98. t. XXXll. fig. 277, Cenicinhardt. 1939, p. Ifidi 
fig. 178. 

Dioecious, maerandrous. oogonium 1, (‘llipsoid. o])er(‘iilate, division superior; 
oospore same torm as the oogonium, tilling tlu‘ oogonium. ouU^r and inner sport* 
wall smooth, middle layer with l-t-'Jt) longitudinal rihs: antheridia 2 8 seriate, 
sperms 2, hy horizontal division (tigs. 20 21). 

\ egetalive cells 19-26.0 x 7(>' lo2//; oogonia 57-76 < 76 95^. (H)spores 17.5 57 x 
57 -85.5//: antheridia 15.2-22.8 \ 7.6-1 1 .1//. 

Habitat : Free-floating. Kottarakara. Kt‘rala, .fanuarv 15. 1959. 

Distributiofi : (^hina and United States of Am(*ri(‘a. 

Id. (h(lo(io)ii(iw hiaas Kordstedl and Him. Him, 1900, p. 227, t. XXXV'lll, 
ilg. 2dd; Tiffany, I9d0, p. 149, t. LVIII, figs. 570 571; 1997 II, p. 70, t. XXVrri, 
figs. 149 450: (femeinhardt, 1999, p. 301, fig. 363. 

Dioecious, nannandrons, gynandrosporus; oogonia 1-2, globose to siihglohoHe, 
o[)ereiilate, division superior, wide; suffulatory cell enlarged: oospore globose f.o 
slightly suhglobose, tilling the oogonium, sjiore wall smooth: androsporangia 1-2, 
snbepigyiions, dwarf male slightly curved on suffultorv (‘ells: antluuidiuin 1, exterior; 
v(*getative cells sliglitly eapitellate; terminal (!ell obtuse (tig. 22). 

V(»getative ( ells 1 1 .4-15.2 X 22.8 19.1//; suffulfory c(‘!l 30.1 31.2 x 15.6-76//; 

oogonia 34.2-38x30,1-41.8//; oospores 30.4 36. 1//; andn^sporangia 1 1.4 X 15.2 l9/r 
dwarf male stipe 7.6x38//; antheridia 7.6 v 3.8 5.7//. 

This form is characterised by the swoll(*n suffultorv c(‘lls, wide openmlnm 
and sliglitly eapitellate vegetative cells. 

Habitat: Free-floating, Krishnapuram, Kerala, danuary 13, 1959. 
Difitribuiioii : Brazil, India, Unit(‘d States of Am/Tita. 

II 0td()(foniu7n hmoardli West. Him, 1900. p. 16, t. Ill, tig. 9; Tiffany, 1939, 
p. lt)l, t. XXXllI, figs. 293-291; 1937 1 1, p. 49, t. XX, figs. 290-291; Gemcin- 
hardt, 1939, p. 180, fig. 190, 

Dioecious, maerandrous; oogonia 1-2, globose or sul>glo]>ose, oper/mlate, divi- 
sion median; cjospcjre same size as the oogonia, completely filling the oogonium; 
antheridia 1-12 seriate; vegetative (ells distinctly capitellaU^; basal cM spherical 
to hemispherical. 

Vegetative cells 7. (>-1 1.4 X 15.2-26.6///, or;>g()nia 22.8-26.6x19-26.6//. o<)8iK)re8 
22.8^-24.9x20.9-22.8//: antheridia 7.6-9.5x7.6-11.1//; basal cell 11.4-15. 2x 
11.4-19//. 

Habitat : Freshwater, Kottarakara, Kerala, January 15, 1959. 

Distribution : Barbadas, China, India and United States of America. 

15. Oedogonium pusillum Kircljner. Him, 1900, p. 299, t, XXIV, fig, 125; Tiffany, 
1930, p. 161, t. XXXIV, fig. 316; 1937 II, p. 82, t. XIX, fig. 287; Gemeinhardt, 
1939, p. 331, fig. 400. 
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Figs. 20 21. Oedogoniufn jxiucocAMtaiatn TruiiHoau; Fig. 22. Oe. hiatis Nord A Him; Fig. 23* 
oe. Uipeinosporum f. fowlifujeme Jtvo; Fig. 24. Oe. pmiUxim Kirchnor; Fig. 25-27. Oe. 
I Uteri Skuja. 

Oogonium 1, subbiconio-ellipsoid or subbiconio-globose, operculate, division 
median, wide; oospore globose to ellipsoid, slightly constricted in the middle, spore 
wall smooth; apical cell obtuse; basal cell subhem ispherical (fig. 24). 

Vegetative cells 3. 8-5.7 x 12.04-38// ; oogonia 13.76 X 20. (U//, ; oospores 12.04 x 
15.2//. 

Male reprodu(*tive structures of this form were not seen, but this species is 
readily distinguished by its medianly constricted oospore and the wide operculum. 

Ilafntai : Epiphytic on aquatic plants, Kottarakafa, Kerala, January 15, 1959. 

Distribution : Africa, Austria, Burma, Brazil,' Europe, India, Sumatra and 
Ignited States of America. 
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IH. Oedogoninm Tpoetiloaporum Nordsttxlt & Him. Him. 19(H). p. 398. t. XXIII, 
fig. 124; Tiffany, 1930, p. 188, t. XXXIV. fig. 305; 1937 II. p. H4. t. XIX, 
2Hf); Gemeinhardt» 1939. p. 347, tig. 426. 

Oogonium 1-2. depre8sed- globose, operculate, division nunlian, wide; oo8|X)re 
deprtmed-globose, nearly tilling the oogonium, spore w'all Kin(X)th; basal oell sub* 
hemispherical; terminal cell obtuse. 

Vegetative cells 0.7-7.6x41, H-60.H// : oogonia 22.R -26.6 x 26.6-38/i ; ooaiKires 
19-24.7x19.0-22.8//. 

Habitat : Epiphytic, Kottarakam. Kerala, January lo, I9r>9. 

Distribution : Africa and ITnited States of America. 

17. (hdogonium iapeinosporuw forma foidingensv Jao. .lao, 1937, p. 307, t. Ill, 
figs. 25-28. 

Oogonia 1 to many, depressed globose or pyriform or pyriform -glol>08e, 0 |xt- 
culate, division median or slightly supramedian, narrow; oospore depressed globose, 
not filling the oogonium longitudinally: spore wall smooth (tig. 23). 

Vegetative cells 5.16 -6.8 x 20.64-29.24// ; oogonia 17.2 20.64 x 26.64-24.08 // ; 
oospores 15.2-19 x 12.04-15.48// . 

This form has slightly broadcT dimensions than the type. 

Habitat : Epiphytic on acjuatic plants, Krishnapnram, Kerala, January 13, 
1959. 

Distribution : (Jana and India (Fyzabad, U.P.). 

18. (hdo(jonii(m llsteri Skuja. kSkuja, 1934, p. 59, tig. 80; (icmeinhardt, 1939. 
p. 362, fig. 449. 

Dioecious, macrandrous; oogonium terminal or intercalary, 1-2, pyriform, 
poriferous, pore superior; oospore globose, not tilling the oogonium, ouU^r spore 
wall thin and smooth, middle layer scTobiculat(‘; suffultory cell not or very slightly 
swollen; antheridia 2 to many seriate (tigs. 25-27). 

Vegetative cells (female) i9-38 x 68.4-190/^ ; vegetative cells (male) 19-26,6 X 
45.6-144.4// ; oogonia 66.8 x 64.6-72.2// ; oospores 45.6 X 45.6// ; antheridia 19-22.8 x 
7.r>-ll.4 . 

Habitat : Epiphytic on acpiatic [ilants, Kottarakara, Kerala. »Jarmary 15, 
1959. 

Distribution : Europe. 
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AN EXPtRIMRN'FAL STUDY^ OF THE OI*TIMUM SALINFl^Y FOR TKF 

blue cmKEN 
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hi/ Lkn'oy B. Bosk, ('enlrn) InJnwi Ftfihtrir,'i Research RUition, ('alcnUn 
(Communicated by B. S. Bhimachar. F.N.I.) 

(Received Jhiu *6. IMS: read Amjust . IMU) 


Abstract 

Pot culture oxporimoniK wore t'onduc.ttHl lo tiMcortaiii thv optiiinini nii)|U|;o of Malintiy 
for tho growth of the bf^nthic blue-groon alga, OttciUalorui HpUtuiida found in braokiahwator fi»h 
ponda. Tho oxporiniontal inothodn ar<' dt'seribod in dotail. Tho roHultn of tho «)X{H^riruoiiita 
show that a salinity ranging tK>tw<H3n 5 pitrts fw^r thouwintl and 17 parts jn^r thousand is most 
favourable for tho growth and reproduction of this alga during tho suiniiicv months. 

I NTUODl'CTION 


Benthic algae form the maiti food of cultivated (i8h(‘S like tlu^ Mullets® and 
Milk fish in brackishwater [)onds (Schuster, 1902 ; I^illay. 1954) and therefore the 
enhancement of the growth of these algae by the provision of optimum conditions 
for their growth and multiplication forms a very important aspetd of fish (uilture 
in such ponds, (leneral field observations on tlK‘ role of certain (uivironmental 
factors have been conducted by different workers. A suitable salinily of the water 
of the fish ponds has been consid(*n'd as one of the (\sse»itial environmental retpiire- 
ments for the growth of benthic algae (Frey. 1947; (Carbine, I94S; liabanal vl al, 
l95Ui). Schuster {lor. cit, p. 19) has obsiuved that a highcT siilinity l)etween 
15-45 parts per tliousand is j)referable for their growth. According to Habanal 
( f al. (1951a) the salinity tolerance for the blu(^ gn^en algae is betwe(?n H) and 40 j)artH 
per thousand. Habanal (1949) has also reported tliat brackishwater ia better 
than highly saline marine water or freshwater for tin; growth of blue green algae. 
Pilla^i (1954), how^ever, has observed in the case of a blue grcicn alga, Pfi/jrwulium 
ienue, that a high salinity even upto 85 parts per thousand may bo suitable for their 
normal growth. Unlike blue greens, green algae have been observed to grow better 
in e^^perimental fish ponds having lower salinities, ranging Ix^tween 9.0 parts per 
tnoiisand and 22.2 parts per thousand than in those having salinities ranging 
between 20.0 parts per thousand and tlie ‘>4.2 parts per thousand (Habanal et al. 
19516). While above observations are of great interest, critical experiments to 
asceHain the salinity requirements of different species of algae, which would be 
of b^sic importance in evolving scientific fish cultural methods, do not appeal to 
have been undertaken so far. In connection with the investigations on brackish* 
w^ater fish culture in the estuarine areas of West liengal, experimental studies have 
been undertaken to determine the optimum environmental requirements of import- 
ant species of algae. This paper embodies the results of experiments conducted 
to elucidate the optimum salinity required for the growth of the blue gre^en alga, 
OscillcUoria splpndida GreviJle, which is a common food item of grey Mullets, 
specially in their fry and fingerling stages. 

Experiments 

The experiments were ‘conducted in semi-field conditions in large earthen pots 
of a uniform diameter of about 65 cm. at the mouth. Mud collected from the same 
]ocality and of the same consistency w'as used as the substrata, after exposing the 
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whole mud for an hour to a temperature of about 80'*"C to kill any algal spores, etc. 
present in it. The surface area of the mud in the pots measured about 0.2 sq. meter. 
Since a shallow depth of water is considered favourable for the growth of blue green 
alga<^^, 6 to 7 cm. depth of water was maintained in the pots. Boiled tap water 
was used, after cooling, to prepare water of different salinities for the experiments. 
In each experiment a series of 9 identical pcyta with water of salinities ranging 
between 0 part per thousad and 40 part per thousand at intervals of 5 part per 
thousand was used. A variation of ±2 parts per thousand was observed to occur 
in the experimental pots on account of evaporation or accidental admixture of rain 
water. The required algae for the experiments were cultured in the laboratory 
in j>etri-dishe8 on mud surface. Abf)ut one sq. cm. of the algal layer (not free 
from bacteria or diatoms) was innoculated in each of the pots on the mud surface. 
The jiots were kept under the open sky with necessary protection from disturb- 
ances by birds, etc. The temperature of water in the pots was noted daily and 
the wat^r level and salinity adjusted as required to compensate the effect of 
evaporation. When the algal layer had completely covered the mud surfacre 
in the |X)t8, showing good growth, it was dislodged by mechanical means; then 
siphoned out through a rubber tubing and passed through a fine sieve (No. 100). 
The mud particles attached to the algae were carefully washed out and the algae 
removed from the sieve to a beaker with water. They were sul)sequently filtered 
over a known volume of gla.ss-wool and the wet volume measured by water 

a 



Text-fio. ]. 

The inflociion points on the rogrossion curves showing the corresponding 
salinity for the maximum growth of ^gae. 
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displacement after removing the «uj>er<luou8 water by means of blotting paper. 
By deducting the volume of glass.wcH>l, the volume of the algae was obtained. 

Six series of experiment, with replications except in two cast^, wen' eondueUMi 
at different times during summer* months when the temjx»rature of water in the 
pots varied between 27®C and .‘18T. 

Second degree* parabolas of the intensities of algal growth as observt'<l in 
different salinites in the six experiments were determined by the method of least 
squares and these are delineatecl in Text Fig. I. The regression ecpiations obtain<xl 
are as follows : 


Kxpt. No. 


Regression Kquat ion 

••1 

Y 

1 . 1 94 1 ( () . 2H99r 0 . <K»K3r» 

2 

Y 

8.2804 1 O.H7H3.r 0.0282a:-< 

3 

Y 

1 .473«-)-0. 1144r 0. 0045a-. 

4 

Y 

fl . 270 1 f 0 . 2494r - 0 . 01 2 lx» 

5 

Y 

3 . 1 440 i (( . 5»00r 0 . 0 1 90r » 

*♦6 

Y 

- 5.0400 i 0.973‘2r O.OOHOxJ 


Y growth c.c./«q motor and X salinity, i>4irtH jx'r ihouMond 


The points of inflection of these curves (obtained by etpiating ^ 0) are 

not the same, which wH)uld suggest that any salinity wulhin a range is favounvble 
for their growth. Tt is clear from the position rrf the inflection points marked by per- 
pendicular lines in Text Fig. 1 that a salinity ranging between 5 parts per thousand 
and IT parts per thousand is the most favourable for the growth of this alga. 
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•The winter variation of temperature, between ITC and 28X has been obwrved to be 
not conducive for the growth of this sp^ies, 

••These two experiraents were without replication. 
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Abstract 

A fiWHil (li(;otyl*vIonouM wood coIkMJtod from Httriktini Damotlar Kailway-cutting, south 
of 18/7 railway iiiilo f)OHt, north of Gangabandh villago, is roportinl hor»>. Its ago is posaibly 
Upper Miocono. It appears to he new to soionoo and is named l^ihudiortflort battkiirpn.^i.^ 
(ion, Et. S|>, Nov. 


1 NTUODrcTfON 

WhiU^ inapj)ing Haiikura (lisiritd of West BtMigal, Shri A. L. S. Ffiindav, 
Geological Survey of India. Calcutta, (‘oliccted a fossil wood specimen during his 
I9r)2-r).*5 ti(ild sjirvoy. rhe <‘xact locality from which this spt'cimcn was collected 
has Ix'cn given hy him as Bankiira Damodar River Railway-cutting, south of 
IH/7 railway mile post, north of Gangahandh villagt* (sheet 7:> M/7), Bankura 
district. The fossil lu'ars (CS.f. No. P2/I2h. 

Th(' preservation of the fossil is fairly good. It has a vari(‘gated colour which 
rang(\s from creamy whit(‘ to reddish brown with sparkling yt^llow or scarlet red 
pvt(‘lies ait irregular inUTvals. In size, the specinu'u is aibout 2b ctn. long .and 
IT) cm. wide, and somewhat round in shapt*. Examination by hand hais shows 
that the specimen is a [)airt of a fairly hirge trunk. It is from .a portion mat her 
very clos(‘ to the ci'ntre of th(‘ trunk nor from nenv the bark. 

As to the aige of the fossil the Geologic ail Survey of Indiai says. It sisuns fairly 
saife to assume thait the Bainkuni and (hirbaitai specarmais may Ixdong to the Miocene, 
airui pcxssibly t he Up[)er Miocem' 

Anatomy ok thk Fossit, (C S. I. No. P2/I2b and its comparison 

WITH THK SFX’ONDAKV XVI.K.M OK I,U1N(; PEUKNNIALS 

A. Ma(*roseo]>ic study 

It is a porous wood indicating its .aflinity jwith the living dicotyledons. The 
structure is typically difFuse-])orous, 

Uroirth rings are distimdly visible to the naked eye, 2-() rings per cm. At 
(*ertain places, growth marks have been noticed to run in an undulating fashion. 
The rate of growth varies considerably. 

Vessels are easily visible to the eye. They are usually solitary and sometimes 
in radial multiples of 2-3 (Text-fig. 1). They are generally round to oval in shape. 
'Fyloses are absent but gummy deposits occasionally fill up some vessels. The 
distribution of vessels is more or less uniform throughout the specimen. 

Fthres are individually indistinct, although collectively they show^ up promi- 
nently against the other tissues. 

Parenchyma cells are clearly visible to the naked eye. In fact, the most cons- 
picuous structure is its parenchyma distribution (Text-fig. 1). Firstly, they are 
in initial bands demarcating the growth rings. This structure is a prominent and 
constant feature of the wood. Secondly, they are paratracheal showing aliform 
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to aliform- court went distribution. Often they are in thick jiatches summiiding a 
batch of vessels »and forming an undulating outline. The aliform type is characte- 
ristic and mostly apptws lis almond-shape<l (PI. II. Figs. 1. :P. 

Rays are not very clear to the eye but distinct under a hand lens 'Phey art' 
more or less evenly distributed, shov^ ing up as fairly wide, white lines on the end 
surface. On the tangential surface they apy>ear to 1 k' very low. 



Tkxt-fio. 1. 

Diagraminatic nkoU h to sliow general pat tern of parenchyma 
(lietribiition in the foHSil. >11. 

Amongst the gross anatomicHl features of the fossil, the following points arc 
of importance : 

(i) It is a diffuse-porous wocxl, 

Hi) Its vessels are evenly distributed, a 

(ifi The parenchyma forms distinct aliform to aliform-confluent 
Although each growth ring may show some variation in 
pattern of these parenchyma cells, yet there is no doubt that they 
the major types of parenchyma distribution in the woo<l. 

Cm aTm^attve stu^fofTht wTod samples at our 

some published literature on the secondary , *nhalk (1950^ Moll 

Anon. (1953), Chalk (1932-39), Lecomte (1926), Metcalfe ‘ 

and Janssonius (1914), Normand (1950), Pearson and Brown (1932) ^es (1^8), 
it appears that the fossil under investigation may 
Comfcretacefle, Legurnimsae, Moraceae and 

these families is however, possible only on the basis of microscopic structure. 

, B. Microscopic structure 

Grotvth ringa : The conspicuous concentric marks at narrow to wide intervals 
are due to initial parenchyma cells. 
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Vessels are mcxierately larger to large Their distribution shows 2-3 per ram^. 
There is very little difference in size between the early and the late pores. Occa- 
sionally one may come across some small pores near the growth marks but this is 
not a constant feature. Vessels are fairly thick- walled. Perforation plates are 
simple, hc)rizontal to slightly oblique. Inter-vessel pits are alternate, rather small, 
not HO crowded. The vestured nature of the pit is indicated under high power 
(PI. II, Fig. b). Vessel-ray and vessel -[)arenchyma pits are somewhat similar 
to inter- vessel pits. 

Fibres are fairly well-preserved at places but not so well as the parenchyma cells. 
They are slightly angular to round in cross section and show somewhat radial 
alignment. They are moderately thick- walled, non-septate and non-librifcVrm. 

Parenchyma cells are of two types : (a) The initials are 2-3 cell thick demarcat- 
ing the seasonal growth. In shape they are nearly rectangular in cross section ; 
(b) Paratracheals show up prominently. Those that are adjacent to the vessels 
are rather elongated adjusting themselves to the outer walls of the vessels. Those 
that are far away from vessels are rectangular to roundish in shape. The general 
structural pattern they produce is mostly aliform-confluent. In fact, this is the 
most cons{)icuous structure that characterizes the fossil. The peculiarity of the 
fossil aj)pears to be aliform-confluent type of distribution of parenchyma cells in 
which 3-4-0 to 5 or even b vessels or vessel-pairs are linked up. In the longitudinal 
section there is no tendency for the parenchyma cells to be arranged in storeyed 
structure. There ere, however, many parenchyma cells which an^ chambered. 

Hays are fairly prominent, uniseriate to triseriate, mostly 2-3 seriate and 
homogeneotis ; uniseriate rays are 4- 1(? cells in height. Multiseriate riys are upto 
25 cells and 300// in height. They show a distinct tenden(*y to an arrangenuuit 
in echelon and may give at places the impression of faint ripple-marks. Th(' 
individual cells are mostly round to slightly oval and moderately thick walled. 

The next/ sU^gc^ is to compare these anatomical details of the fossil with those 
of the living members of the five families mentioned earlier in this paper. In the 
family A narardlaceae , tw'O genera Matigifera an<l Semecarpus show some similarity 
with the fossil in the cro.ss-sectiuu but careful scrutiny reveals that th(*y are different 
from the fossil in two respects, i.o. in conspicuous aliform parencliyrna and the 
ray structure. There is also some resemblance between th<' fcTs.sil and tlie Termi- 
nalias of the ( 'ombre taceae. and Nephelium lappaceum of th(‘ Sapindaceae . But on 
the basis of uniseriate rays and thin walled nature of ray cells, members of these 
two families can also be eliminated. Although the genus Artocarpus of the Moraceae 
may show' some resemblance with the fossil in respect of the structure visible 
on the end surface yet it is evident that the unknowm fossil is not an Artocarpus 
because there is neither initial parenchyma nor vestured pits in the latter. We 
are now, therefore, left w ith timbers of the family Leguniinosar. 

In an investigation on a somewiiat similar fossil wood from the eastern corner 
of Ranigunj coal field of India, one of us (Ohowdhury) has classified some members 
of the living Leyurninosae which have paratracheal |)arenchyma cells. Taking 
the data from a table given in that [)aper, it appears that only a limited number of 
genera show affinity w ith the fossil U!ider investigation and these are : AfzeJia, 
Albizzia (except A. anmra, A. coriaria, .1. falcata. A, ferriiginea, A. niollis and 
A, molucenna), Cylicodiscus, Desmodium ttliafolium, hitsia. Macrolobium, Ougeinia, 
Pahndia, Parkia, Pithecolobiurn and Saracn, 

Now a good many of these woods can be eliminated by the structure of the rays 
visible on the tangential surface. For instance, in Cylicodisem the rays are always 
2-4 seriate while Desmodium tiliafolium is ring-porous. The rays in Parkia and 
Saraca are heterogeneous. Again, in PithecA)lobixim they are uniseriate. Macro- 
lobium has also exclusively uniseriate rays which are rather thin walled. Although 
Ougeinia has 2-3 seriate rays like the fossil yet it can be easily discarded because of 
constant presence of ripple-marks in it. We are thus now left with four genera. 
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namely, Afzflia, Alhizzia, and Pahudia. Of these, the first throe genera 

arc so similar that they cannot at j)re8ent he se|>arate(i by the anatomical structure 
of their secondary xylem. They, however, difftu fr»>m Pahudm in having septate 
fibres. The p)int to note here, is that the fi>ssil under investigation has shown no 
septate fibre, ft will, therefore, be se<m that the O. S. I, No. P2/I2b shows the 
irreatest similarity with the genus Pahudia. 

CoMPAIUSoN OF THE FOSSIL WOOD (f.S.l. X(». I*2/I2<> WITH THE 
D1COTYLEDONO(\S FOSSIL WO(»DS FKKVlorsi.Y UEPoUTED 

A. Fossil from India 

There are only a few leguminous fossil woods that have so far been re|>ort<Kl 
from India. It was (Jupta (HKIb) who for tln' first time* showed aflinities of a 
specimen fr(>m Burma to Ijtjumiuoxfjlau huruanx* (iupta (lb.‘5b). Description of 
this fossil wood given by him d(K‘s not match with the anatomy of the spc'citmui 
under study here. 

[n IDoii Kamaimjam reportc'd Alhizzia from the Tertiary rock of South Arcot. 
Again ho reported (1954^0 some J.,egiiminous woods from the samt‘ locality. These 
two notes however, are not. accompanied by photomicrographs nor by diagrams. 
It is therefore, not possible* for us to say whetlu*!* Bankura specimen matclics 
with those re])orted bv Kamanujam. Later, in 11154 he reported again two mem- 
bers of the family Legurnlnasar from m*ar Poiuliclu‘rry. 14u*y are (Uicmlpinia^ 
xfjUm sUholcifi Aaici(fxyJ(iii imficmn. 44i(* (irst specimen sliows ik> clear growth 
marks, fts fibres are* libriforin to scini-Iibriform. Tlie rays are' 2-4 seriate but 
the shape of individual ray cell is not given. Pneier the rays he says there^ is a 
definite tendency towards storied arrangement'’, but in anotht'r place he repeirts 
’‘tlie're are no ripple marks’ . Ft will. there*fore*, be* se*cn that^ tlie* lossil woeni 

No. P2/I2f) doejs not mat(4i with ('acsalpiuloxf/lon sithokyi. 

As regards Amcioxulon indieuxn. Ramanujam reports that it has faint growth 
marks, sc'antv ve'vssels, and 2-5 se*riate rays with individual cells round te) eival and 
no ripple marks. Fibres are el(*scribe*d as ‘ 'typically septate a fe*aturo which we 
have ne)t come across so far in the living Ae*acias. Jn view of all these diffeieuices. 
it can be .siiid that Bankura fossil is not similar to Amcioxylon huhenrn. 


B. Fossil from outside fndia 

Several fossil woods from outside India have* be*en repe)rted te) show affinites 
w ith the woods of the family Ijrgmnitwm*'. At present there are 5 well establiBnod 
form genera. These are Ca^ioxylon. Amcioxylon, ( kip.salpinioxyhn, Legumtnoxylon 
(Edwards 1931) and ( ^ynotmiroxyloji (Che>w'dhury and Dhosh, 1946). Without going 
into the merit of the creation of these genera, we shall con8idc*r only those specimens 
which show se)me similarity with the fe)SHil under investigation. , 

Among the Acacioxylon. only A. antiguum Schenk Krausel (1949), may be 
considered here. This specimen has banded parenchyma, making it entirely different 
from our fossil. Within the form genus (kirmlpinioxykn^^ 

(\ miqinrtinum Chia., C. DarAs^Apruln Chia., (\ Zaccririni ^ 

mogadaense Bour. (1950), show some general similarity with the fossil from Bankura 
in gross features. But C. quirogap Schenk has uniscriate rays and cannot therefore 
be matched with it. Chiarugi’s three specimens arc also different from our fossil, 
for C. niigliirtinum has vertical gum ducts of traumatic typ<.!, ( . DuciS’ Apr uiht has 
scantv parenchvma and less number of vessels jyar unit area while f . ZaccanmhdB 
diffuse parenchyma and 4*5 seriate rays. Again in C. mngadaefise Bour, parench^a 
cells are profusely developed and the rays are mostly uniseriafe. It will, theretore, 
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be HCtjn that none of the ( ■aemlpi uUjxt^lou m far rf^xirted t^an be matched with 
G.S.I. fossil No, P2/lL>r). 

Ah regards LfAjuminfjryloH, *5 species reported by Krausel. one by Schonfield 
(1947), and one by Houreau (1951) will be considered here. />. acariae Kr. has 
diffuse parenchyma, and 1-2 seriate homogeiuxius rays and its fibres are entirely 
libriform. Tims, there is considerable difference from our fossil. In L. Edimrdsi 
Kr., rays arc uniH(?riate and homogen(x>us and there is s('anty development of paren- 
(jhyma cells. Again, in A. iJInzza* Kr., there are vertical gum ducts of traumatic 
type and tim growth rings an^ demarcated by thick walled late fibres, 'riuis none 
of Krausel’s spfxumen shows similarity with Haiikura specimen. Now Schon- 
field’s specimen />. yros.sf^i lias paratrach(‘al broken bands and rays ar(‘ 2-3v;(uiate 
and 39-60 cells high. So this also can be eliminated. Finally, let us consider 
Boureau's specimiuis L. Mivvhikoffii from Focene of Algeria. This fossil shows 
profuse develo[)ment of [ianuichyrna and has mostly 2-seriat(^ rays which occasionally 
may be 4*seriat<*. It will. th(*refr>re. b(‘ (tl(*ar that noin* of the (*lev(‘n species of 
fossil leguminous woods comf>arcd her(‘ matches in all respects with our fossil 
marked G.S.I. P2/12<i. 


Namk and Diagnosis 


'riie fossil wood undt'r investigation shows clos(^ affinities with the secondary 
xylorn of the li\'iiig genus Pdhuduh (IxyKntni<»^^(n -( '(ic.sulpi niodi^K ). In our opinion 
the names hijiiminoxylon (bipfa (H)39j and Par.saj pni'torylim Sc}u*nk (1890) are 
likely to bring <'onfusi<ui la^cause under th<‘se c(ass(‘s made by systematists. we 
have plants which show a gr(*at div(‘rsity id anatomical strnetiin^ in tlndr secondary 
xylem. 

I he gencri(‘ nanu' Pahudioxylon pioposed imhuh's all l^i,hndias now 

known to S(‘i(‘nce. The fossil (hS.l. P2/I26 is specifically named as ratnuiioxyhm 
hfmkurmsis. Its gimeric and specific diagnoses an* given below : 

Genus : PahuduKvyJou Iv.A. (Iiowdhurv, S.S. Ghosh and M.H. Kazmi. 

A diffuses porous wood. 

(Uronik rings • disfinet and clear, 3d) p(‘r cm. 

\',s.sd.s : m..<U«nU<‘ly (o hvrmv cloarly visil)lc to tin- evo, solitai v or in 

radial multtpl.-s fairly tliick-wallod. Tyioscs al.s.-.d hut 'ynrnimv depoHits 

•sotiiftiini's [m'sent. IVrloration plato siinpic, horizontal (o slijrhtlv nhliipic. 
interv(*ssel pits rather small, alternate, not erowded, vestured (PI. FT, Fig. (>). 
Vessel-ray and vessel.|)arenehyma pits almost similar to inter- vessel pits. 

FibrM : iairly distinct. In cross section round to annular, .showini/ tondenev 
tor radial alignment. They ari^ non-lihriform and iion-seplate ^ 

> /Vircar%»w. prominent, visihlc to the eye. Two types are .scon : (a) initial, 
-d ooliH thick, nearly reetannular in cross section, demarcate the erowth rinns 
clearly ; (h) |v»atraelieal formint; aliform to aliform-eonHii,-nt strm tnre. more often 
aliform-eonfluent. 

for l'i“' ?*.' «ith a tendency 

thiei wall. 1 ‘ individual colls fairly 

tmek- walled, mostly round, rarelv oval. ^ 


M. 


Species : Pahudioxylon fxinlcnrrnsis K. 
H. Kazmi. 


A. (^how’dhury, S. S. Ghosh and 

Vessels : more or less evenly distrihuted. very few to few. 2-3 per mm». solitarv 

multiples, 20 per cent in pairs, the rest solitary. Tangential diameter 
solitary vessels vanes from 52-180/1 and radial 52-22.5//. mameter 

Fibres ; no maceration was possible to obtain, hence length not known. 
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Paxpnckynia two types (a) initials somewhat flattened, (b) paratracheal ne:ct 
to the vessels flattened to adjust themselves to the wall of vessels, far away from 
vessels rectangular to round ; iion-storiwl, chambered with single crystal. 

Rays : moderately broad, nithcr widcdy spaced, 2-.‘l seriate, 20-40/^ in width, 
15-2a colls and 280 to MS^yji in height. Individual cells 12dfl// in width. 


SVMMAKY 

1. A dicotyledonous fossil wood from Bankura District, West Bengal, India, 
is descjibed and recorded here. U bears the number G.S.I. P2/12fl. 

2. An anatomical study ot th(^ fossil has been made. It shows atfinities to 
living genus Pahudia of the Legion inosae, 

3. 0om|)arison of this fossil with those previously repc)rted from India and 
outside, has been made and their po.ssible atlinities are discussed. 7'hc fossil 
(i.S.I. P2/12() appear to he the llrst specimen of Pahndioj'i/lon so far reported and 
it is named Pahndioxylon Uinlcnreims. 

4. The age of the fossil is believed to be Miocene, probably l>pper Miocene. 
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rays (R), Parenchyma arrange* 


Pahudioxylon bankuretisia, Ocn. Ft Sp. Nov. 

Transverao sec'tion ahowing distribiuion of vessels, 
mont and growth marks ((tM)xI 9 
TransAcrae section showing aliform (AK) and aliform confluent (AC) typi^ of parenchyama, 
growth mark with initial parenchyma ctdis and fibers (F) x 30. 

flb^'xlo '"“inly ttlilbrin pan-nchyma (AF) and arrangement of 


Tangential aection showing shajw and size of the rays and their composition x 100. 
Ta^ntial^^section showing ray distribution. Jfote that some rays are arranged in 

Vestured nature of inter- vessel pits x 1000. 
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PROPERrrES OF IONISED CELLS IN TISSUE DIFFERENTIATION AND 
ORGANISATION IN CHICK EMBRYOS 

SiVA'rosH Mookkhjek and Asoke Bose. Ihpariwvnt (^f 
Pres i dency ( . ( \ilr utta 


((^)mniunicAled by B. R. Srsharliar. F.N.L) 
(Rccf fvtd. Sf'ptf tnber "J: read October PhW) 


Austkact 

The effect of ionine tion on t he «truct..iiral organiHiilion of (‘hick c^inbryoH has l>een analyHed. 
The mdioseiisitivoness of embryonic aiWs is in diroc^t )>roportioii to dosage. All initial efTetda. 
of irradiation in blastoderm upto 600r are i-egulat-ed and normal ontogi'nesis f ollows thereafter. 
'Hie organisation of the embryo is suppressocl at 2000r““ cells btHH>me incapable of building uj) 
(iny pattern. Se<*.on(lary neural axis may result at lower dosages, between lOOr and 200r. 
Se(;ondary inductions are .sup})ressed at about lOOOr. The various actions of radiation in the 
blastoderm have been discaissod in terms of activity of gastrulating cells. 

Introduction 

Th(‘ biological effects of radiation have been sliovvn in a variety of tissues and 
the outstanding characteristic of radio- biological responses of the living system 
is tlieir diversity, Tlie main line of evidence of ionisation exfieriiiKUits as jiointed 
out by Hevesy (1945), shows that X-rays mostly interfere with the mitotic-complex 
and to a minor extent with resjiiration and glycolysis of colls. 4'he prime effect 
discovered is tlio suppression of cell division and ther(‘ is a large amount of data 
on the radiation effects on chromosomes which have been admirably reviewed by 
Lea (194b) and Muller (1954). However, the effect of radiation on embryonic 
development needs intensive study; because in embryonic development there is 
not only active cell-division but also a series of substance-changes as ])ointed out 
by Needham (1942), Brachet (1959) and Waddington (1952). It is likely that 
irradiation interferes with ('clI division and resjiiration of cells. Borgonie and 
Triboiidean (1906) have long ago formulated the idea that active proliferating 
cells are more sensitive to radiation, and radiosensitivity varies inversely with 
degree of differentiation. 

Attempts, so far made, to study the effects of irradiation on ehi(.*k embryos, 
have resulted in the production of teratological alinormalities and have yielded 
little information on the mechanism of organisation. Wolff (1924) made an exten- 
sive survey of developmental irregularities obtainable aftiT X-ray irradiation. 
However, his results have little importance, as pointed out liy Waddington (1952), 
in the understanding of early developmental mechanism in chick embryos. 

The effects of irradiation on mammalian development have been studied by 
Russell (1954) and Wilson (1954). Their observations deal mostly with later 
embryological abnormalities. Rugh (1954) lias considered radio-susceptibility ()f 
amphibian embryos and concluded that radio-s(*nsitivity of the embryo varies 
from stage to stage. According to him, radiation response of the gastrula is inter- 
mediate between the highly radio sensitive fertilised egg and blastula and the 
comparatively radio resistant ovarian egg, and dhe later neurula and tad-pole 
stages. 

As a means of gaining understanding of the factors affecting the organisation 
in the chick embryos under the influence of radiation, this study was undertaken. 
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Matrkiai. AND Methods 

At tli(‘ crui iHl stHgp of KRstrulation, the unineubated blastoderm in ovo was 
irra<]iated. Wjiulow holes were made in the eggs to determine the stage of blasto- 
derm and after irradiation they were sealed again by paraffin. The source of 
radiation was a Million Volt X-ray Generator housed at the Chittaranjan 

Gancer Hospital, Calcutta. 

The minimum dose employed was oDr and th<‘ maximum, 2(MK)r, both inclusive 
of 14 per cent of t)ack scattering. The intervening dosages were Tor, lOOr. l2or, 
200r, :h)dr, 4t»0r, otM)r, tiOOr. TOOr, HOOr, HDOr. lODOr, llOOr, 12tK)r, and loOOr. After 
irradiation at the d(^sired doH(‘, the eggs were put back into the incubaton almost 
immi^iiatoly. Total numlnu' of experiments performed was 20D. After each 
irradiation, bhistod(*rms were tixerl in Bonin’s fluid in two series, -one set after 
24 hours and another set after 4H hours. Serial si^ctions of embryos were cut at 
Id/i ami stained in dilut(‘ Delafield’s heunatoxylin. 

K X V E K I M K N T A I . R K S f ' I /I S 

Saturv of Sx^n^sitiritif of fUastodt^rrn to Radiation Dost.: 

V’isible elTects of radiation an^ notice<l only wlum the dose* is over fittOr. The 
nature of radio-s(*nsitivity of the blastoderm b(*!ow tiDOr is int(‘resting from many 
points of view. Radiation Inflow this dos(» may show initially a tendciu^y of loose 
atUichment of the dev(‘loping c(‘lls but after 4.S hours of incubation, this looseness 
is no longer visibh^ in tin* (unbryo which j)a.sses on to normal gastrulation (Fig. 4.). 

NTormal develofumMit does not ociuir if the* dose-limit is iiu rcased to OOOr and 
above. Whatevei may be the initial efTecU of looseness of cells produced in these 
blastoderms, they, after 48 hours of incubation, b(‘ar signs of radiation damage. 
At this dosage, gastrulation in these embryos is not normal, the neural tube is 
not properly thickened and the mesodermal elements do not separate well. 
Th(‘ notochord is not juvsent. Further increase of dosage affects the pattern 
of embryonic^ organi.sation. Often, failure of secondaiy induction is seen in l)lasto- 
derms irradiated at lODbr (PI. Ill, Fig. :{). The blastoderms, irradiated at llOOr, 
show thesis defects in a much more pronounced manner (Fig. 5). The cells show 
extensive (\ytolysis, th(‘ nuclei are enlarged and cellular attachments are loose. 
If these embryos art* examined after 48 hours of incubation, they bear many 
important evidenees of radiati(»n changes. The ectoderm (^ells are not thickened 
into a well differentiated neural structure and do not form any tube. The meso- 
dermal cells are signitieantly fewer. ’Fhe somit(*-notochord differentiation is im- 
piTfeet, -a cluster of mesodermal cells oeempies tlie middle region of the embryo. 

Normal development is further inhibited when blastoderms are irradiated at 
MOOr. The embryonic axis shows a thin thickening of the cpiblast cells whose 
true neural nature is doiditful (PI. I!!, Fig. 1). Below the thickened area of the 
outer layer, some undifferentiated yolky endoderrn cells are visible which do not 
form any distinct structure. No differentiation of mesodermal cells is seen. 
Even the thi(*kening of the outer epiblast layer does not occur in a blasto- 
derm which has received radiation at 2tH)br. The blastoderm is a sheet of un- 
differentiated <‘ells without any structural organisatit>n. The differentiation of 
epiblast and hypoblast in the blastoderm is not seen (PI. Ill, Fig. 2). 

In a few ca.ses double neural formation has been noticed in the irradiated 
blastoderms (l.l out of 2(M)). [Rouble axis formation occurs most frc(|uently between 
dose levels lOOr and 200r, The secondary neural axis is apparently a result of 
radiation. A representative case of dt)uble neural fornm^ion is shown in P] III 
Fig. (i. A blastoderm, irradiated at 2()0r and observed after 48 hours of incuba’ 
tion, presents a double neural tube in the embryo. The secondary neural tube 
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very small and circular in shape in cross-section, lies i>n the extreme left side of 
embryo. The extra neural tube is not accompanied by any somitai or notochordal 
tissue. I he neurococle is distinct. The primary axis is eharacterisetl by the 
absence of uniform neural areas though the neurococle i‘an be marked out. Home 
(horda cells are also identifiable below the neural mass. 

Double neural formation seldom octrurs at a higher dose. Ont^ case obsorvetl 
at l^OOr merits recording. Duplication is seen at the antcriormost end of the 
embryo; two neural tubes run parallel for a short distance, after which the original 
tub(‘ runs backward without being aiununpanied by the secoiuiary lUMiral tube. 

Hetjulatirr Propertirs of the Kmiiated BlaModerni : 

The phenomenon of regulation shown by the cells of the irradiated blastoderm 
is remarkable. All effects of irradiation under bOOr become untraceable in course 
of incubation and such blastoderms differentiate into normal embryos ex(‘ept for 
double neural tubes described above. However, the capacity of (‘elliilar regulation 
works within a physiological limit and if tlu^ blastoderm is irradiated at high dosage, 
the recovery of cells is inhibited. Tlu‘ cells after irradiation become loose and 
show signs of sublethal cytolysis — each having an (mlarged nucleus and a thin 
Ia>er of cytoplasm. This condition seems temporary because cells are capable 
of rearranging their developmental fate so as t() pass on to normal t-nmds of differ- 
entiation. posv('r of regulation of the embryonic cells is operative till btlOr, 

1*1. HI, Fig. 7 dej)icts a case of a perfect r earrangement of cells after 48 liours of 
irradiation at lOOr. Normal tissue separation and structural organisation of <*ells 
occur in the regulated embryos. A similar case of perfect rc‘gulation after 48 hours 
has been shown in Fig. t. The blastoderm was jreviously irradiatc'd at 30br. 

Loss of ()r(jayiishi(f Potnr of ('fJls Vnder Hujh Fnqnonnj Radiation: 

The regulative power of the* blastoderm cells bcromc\s progrc‘ssively h^st with 
the increase of dosages of X-rays. It has already beem pointc‘d out that radiation 
defects make their appearance at tiDDr after winch the capacity for com})en8ating 
(he defects bec*omes ineffective. The* effect of loDDr on the blastoderm needs 
mc'ution. Thc^ rc^gulative me(4mnism of the cells bec^omc^s inactive. The cxdls of 
the blastoderm have not been able to rearrange and organise themsedves into any 
distinct pattern. The mechanism of tissue- sc j)arat ion has })ecome inactive (PI. Ill, 
Fig. 1). Neural differentiation and endoderm formation arc‘. not seen, — the blasto- 
derm lias fallen short of the normal structures. This can l)c‘ taken as evidence of 
incapacity of the blastoderm to differentiate normally any more*. CVimpletc^ failure 
of differentiation is notic^ed in lilastoderms irradiated at 2(M)0r. They show^ en- 
largement without any organisation (Pi. HI, Fig. 2). There is no axis and the area 
pellucida also cannot be distinguished. This is tlie final picture of in(*apacitv 
of the blastoderm ccdls resulting from high dosage^s of X-rays. 


Discussion 

From the foregoing observations it seems clear that the effects of irradiation 
of chick embryos bear a relation with the dosage. Higher doses invariably inter- 
fere with the process of embryogenesis and bring forth developmental abnormality 
in irradiated chick embryos. In another communication, we have shown that 
DNA, RNA and alkaline phosphatase are progressively denatured with radiation 
(Mookerjee and Bose, unpublished). During irradiation, water contents available 
to the cell become easily oxidis^ which is mainly taking place by the powerful 
oxidizing radicals OH and OgH and less effectively by H 2 O 2 (Guzman Barron, 1954). 
However, when the question of embryonic regulation comes for discussion, the 
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Hituatioii is not pnsy to (explain. Whatever the exact biochemical processes involveil 
in radiation damage, ionised cells, under the dose limit of (iOOr, can compensate 
all the initial effects and are capable of becoming normal embryos. It is clear 
that th(*re is some menrhanism at work after irradiation which restores normalcy. 
Higher frequencies of radiation injure this me<>‘hanisin which becomes completely 
lost if the dosag(‘s of radiation are over IDODr. Hurnst (1902) has also considered 
the. possibility i)f re<*overy in iorus(‘d cells, though Hugh (1954) is in doubt about 
the operation of siuth a pluuionuuion. How(‘ver, so far as this study is (concerned, 
it <*an b(5 advanced that within certain dose-l(‘vels, ionised cells show an unmistak- 
able tendency of recovery, 

fn this connection, some* of the post -irradiation eflec^ts observed by Hugh 
(1954) in amphibian embryos may be worth discussing. He* deserilH‘s failur(‘ of 
head differentiation at .‘U»t)r and (‘xo-gastrulatio!i at 72Dr upon the blastula stage. 
He has al.so scon nonappearance of the neural tube when irradiation is done in the 
mmrula stage. I’hc* mannc‘r in which the* ncniral tissuc^s arc* left undiffercntiatc'd 
in the c*xpc^rim«*nls of Hugh secerns to have* a crlose parallelism with our cast*. How - 
<*vcr. it must be pointc^d out that the stage* of devc^lopment at w hich irradiation was 
done* is diiTe*n‘nt in the* two case's. Hugh irradiated (‘Uibryos after the organiser 
ae'tion was ov<*r and in oui exf)erime‘nts it was done* during organiser action. 

'rhere is some* e*vidence* that irradiation induce‘s the* production of double 
neural axis in chick embryos. The se*condary inductions gt'nerally oc(*ut‘ betwe'cn 
ItHtr and 2tM)r, tlu'y are only rarely produc«‘d at highe*r dosages. It is possibles 
that irradiiition produex's a local condition of mild cytolysis which b(*com(\s the* 
sources of a se'condaa v ne*uralisat ion. Mooke*rje*e‘ (195.4) has advanee*d the notion 
about 'type's’ of cytolysis favouring particular trends of diffe*! c'ntiation. It is not 
unlikely that ionisation is capable of produc’ing a prec'onclition for a secondar\ 
induc;tion in an irracliate*d blastodernu 1 Mh* phenonu*non of morphogenetic move- 
ments during gastrulation should not be* lost sight of in any disemssion of organisa- 
tion. On irradiation, cell-rnovemc-nts (Hastec'ls. 1 945). may be* affeeded, giving 
C'ause for subsecjue'ut abnornud diffe'rent iation. Waddington (1952) stresses the 
importanc-e of this in discussing the* problems of e*pige*ne*tic*s of birds. In irradiatenl 
1 ‘rnbryos, suc’h morphogenetic* move*mc'nts are* like*ly to be* disturbcHl. 


K X l* I , .V N .\ r ! O N OF 1*1. VT K 

T. .S. inidinft'd .'inbiyn (l.jOOr) after 4» lioiirs iiinitiation. Note thickeiicrl plate- 
like* octodorm aiul a largo .sfaico Ixdow tlio opiblast. 

T. H. irradiated embryo (2()(mr) after 48 hours incubation. Note complete absence 
of any structural difrei-entiation; blnatfxlerm ivmains as a aheet of undifferentiated 
C'olls. 

T. S. irradiate.! embryo (It)O(lr) after 48 hours incubation. Note ab.<)enee of lens 
plaoodo in front of tlio cup. 

T S. irradiabHl embryo (SOOr) after 48 hours incubation. Note normal differentiation 
oi norvo tur>t>, noto<*fiord and soimtos. 

T. S. irra.IiaUal embryo (UOOr) after 48 houm incubation. Note thickeninc of the 
ot'todorm »ind somo inesodeMrnal cell.'i; no notochoM f^rosont ^ 

T. S. irradiated embryo (2(M)r) after 48 hours incubation. ' Note presence of two neural 
torinateon.s. 

mdoel^d' and 'b.S ‘ ‘'“--hation. Note raRular neural formation. 


Kig. 1. 
Fig. 2. 

Fig. 4. 
Fig. 4. 
Fig. r>. 
Fig. C). 
Fig. 7. 





IN TiBSfTK DIFFKHRNTIATION AND ORilANISATION IN CHICK KMBHYOS 33 

Cell-division, which is also important in morphogenesis, socnis to be affected 
in embryos on iriadiation. As long as the power of recov'ery in the cells remains, 
it is probable that cell-division is ultimatelj’’ compleUnl. However, when irradia- 
tion incapacitates the inherent tendency of regulation, it loads to failure of prcxluc- 
tion of normal types of cells. Such embryos lack all the cellular clementB after gas- 
trulation. This amounts to failure of individuation of the embryo. The effects of 
ionisation, especially at higher dosages, are evidently far-reaching and produce 
many embryological inhibitions and retardations of cells. The blastoderm remains 
as a sheet of cells without any sign of structural differentiation. 
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rN URINE OF ALBINO JiATS 

hy V. N. Das, . 1 . Dutta, K. Mitkhkkji, Bos* instilate. CalcvtUi 
and S. Chanda, Ih/fxirtvitni of Hlochrmidn/, ('alcutta (JnivfrMhf 

((!<)mmunicated by D. M. F.X. I.) 

(Rf'Cf ir^ fl , Si' ptf tnin f S: read Octobf r lUoU) 


AjiSTHA<T 


'rhfi o( wholM-IxMiy r*ulin(i«m <>n a f’ovv ^rouj>H of albino lats by (iotjes 

(l2(Hlr. mii 4 ot nuiiatioii irom a Hounar has boon stiidied. mainly iii 

fha <'X(tfation )>ivlt!^rn of tbo nitro^onoiiH aial-prodinds in tlic nrinr, with tlu* hoju? of finding 
otit any irnlicat ion of d«*rangrinont ni tho pathway of proloin m(‘tn))oliMin in tho body. In tho 
bl>dr and gioiips frco ammonia, uroa, un<^ acid and ciratininc incroasod folhming irradia- 

tion within 24 Iiouim and (amf^ down to normal values wrfliiji 2nd and .‘h*d week. Fn tho 
I2t)<)r group a Hoojind l iso o< ( ‘iii<*d in tho oxorotion of frts' ammonia and iiroa following tho first 
riso. Ah for tho amino ao.ids no significant ohango was dot<‘olt‘d i'xcopt in tho 1 200r group 
whom tho oxrrotion of glutarnii' aoi<l, glyoino, o-alaniiio, valino and phonylalanine was iuoroastHl. 
N[o inoroaw^ of taurino w'as obsiTvod but tho oxonM-ion of total sulphur was significantly 
inciroasivi. Tim largo iiii roasos in lh{» urinary output of lVo(‘ ammonia and t otal sulphur aro tho 
most important ohsrMwat ions of tho f^rosont w'ork and it will bo of int(*n*st to dircad furthor 
invostigations a.s to tim (‘aiisos of such inoroaso. 

I NTHtU)! CTION 

EIT(H*fs ot Itigh (‘iicrgy radiation on biological systems ari‘ eomplieated and 
exlt'iisive all ov(‘r tin* tissues ot the body. Following total body exposure to 
ionising radiations, various degnM‘s of damages are known to oeetir in almost all 
the tissues in animal systiuns and ev(*n may result in deatli. Analysis of liiologitral 
tluids, partieuhirly of urine, n'veals (plant itative and (pialitativ^e changes in the 
excretory products as a result of exposure to radiation; these data may be of 
signitii^anee in studying th(' changes induced in tlu^ various organs and tissues 
du(^ to radiation damag(\ 

Although the exact mechanism of radiation damag(‘ is as yet obscure, the 
res])onse of the living organism as a whole is dt^pendent upon the dosage employed. 
Ff animals art' ex[)o.sed to severe dosage of radiation, apart from immediate eifeets 
of shock and tissiu' destruction progressiva* delayed eifeets continue to octmr 
resulting in death, ddiese delayed efl'ects are particularly noted in the (‘ase of 
protein metabolism: tissue break-down goes uneheekod without any n(*t synthesis. 

Fn the present investigation, urinary excretory pattern in albino rats has been 
noted following ('Xfwisun* to moderate, large and excessive dosages of gamma radia- 
tion, with a view to studying the departures from normal pattern and also to find 
out the peculiarities, if any, of the irreversible changes occurring within the 
(Organism, when exposed to lethal dose of radiation. 

As the total nitrogen excretion in urine was noted to be increased in an earlier 
experiment by the authors (Das, Dutt and Mukherjee IboT), the major end products 
of protein breakdown hav'^e been recorded in this work in terms of urea and NH3. 
Among the different products of purines and other non- protein nitrogenous consti- 
tuents studied, empliasis has been laid only to uric tuid and creatinine excretion. 
Apart from these, urinary amino acids have been i^xstimated, as excessive increase 
of a large number of amino acids in urine was reported to occur following accidental 
exposure to ionising radiation (dasterlik and Marinelli, 1950). Such rise was also 
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known to occur in animaLs after exposure Uy x-irradiation (Kay ei a/.. 1054). Apart 
trom these taurine and total sulphates have Ihh'h estimated. Kay ft aL studied 
taurine excretion following x«irradiation and note<l significant inm*ase (Kay ft a/.. 
1957). liarron ef al. showed that sulphydryl containing enzymes are (larticuiarlv 
inactivated hy X-rays and it is due to the oxidation of the SH linkages by the 
highly oxidising free radicals produced by the radiolysis of water, present in bio- 
logical systems. (Barron ft al., 1949). The major end product of these enzymes 
is taurine, hrom the same consideration, changes in sulphur exort'tion should 
also appear significant. 

In order to remove extraneous fat*tors as far as possible and to ensurt' uni- 
formity yf results, animals were giv'en ample* time to acclimatize themselves with 
the experimental conditions. Regular analysis for a considerable period was 
done prior to exposure to radiation: .same procedure was maintained following 
irradiation until the pattern came back more or less to normal or resulUd in death. 
During the experimental period no unnatural conditi<»ns, siu‘h as fasting, salt r<*H- 
triction etc., were permitted. 


Expkrimkntal 

rats — all females weighing between 120 gm. and ISO gm. were divided into 
5 groups of six rats in each group. The rats of each group were kept in two 
metabolism (ages — 9 in eaeh cage*. I'rinc: samples from each cage were collected 
under a layer of toluene every 24 hours. Urine samples of (mch group were mixed 
and filtered into a 100 ml. volumetric’ fiask and diluted upto the mark. All the 
anal37sis were done with this dilute urine. 

Urinary creatinine was estimated according to Saffir’s modification of Folin’s 
m(»thod (Hawk ft al,, 1954). The colour developed was measured photometrically 
at 520 mjti. Uric acid was measured according to the method of (Christman and 
Ravwitch (Christman ft al., 1992). The e’olour produeienl was measured photo- 
metrically at 700 w//. 

The urea ejontent was estimated by the modified urease method evs outlined 
by Van Slyke and Cullen (Hawk el al,, 1954). Urinary free ammonia was estimated 
by a modification of the method suggested by Ma and Zuazaga (1942) for the 
micro-kjeldahl determination of nitrogen. 1 ml. of the urine sample was 
taken in the distilling flask of a microkjeldahl apparatus and steam was passed 
through it without the addition of any alkali. The distillate was absejrbcd in 
2 percent boric acid solution and titrated with standard HCl solution using a mixed 
indicator consisting of 1 part of methyl rod and 5 parts of bromo cresol green. 

The inorganic sulphate content of the urine was measured by precipitating 
the sulphate as benzidine sulphate by shaking 2.5 ml. of the diluted urine with 
benzidine solution (Hawk ft al., 1954). TJie precipitated benzidine sulphate was 
made free from acid by repeated wasliing and centrifugation with 90 jxjrcent acetone 
saturated with benzidine sulphate. The washed precipitate was then dissolved 
in boiling water and was titrated against standard NaOH solution- In case of 
total sulphur all the sulphur content in the urine which is not present as sulphate 
is oxidised to sulphate by the method of Benedict (Hawk ft aL, 1954), and the total 
sulphur w^as estimated as sulphate according to the method referred to in the case 
of inorganic sulphate. 

The amino acids including taurine were separated and estimated by two 
dimensional paper chromatographic method using water-saturated-phenol and 
a mixture of n-butanol-acetic acid-water (4 : 1 : 1) as the two solvents. The spots 
were developed, dried and eluted and the ninhydrin colour densities were photo- 
metrically measured according to Kay et al (1956). 

Prior to chromatography the urine samples were desalted, as othei*wi8e, the 
salt present in the urine gave rise to serious trailing. The desalting was carried 
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out by {massing 10 mi. of the slightly acidified urine sampk? through a column 15 crn. 
in height and 1.5 (^rn. in diameter of '‘IR-120”. 'fhe resin bed was then washed 
with 100 ml. of distilled water (COg-free) at the rate of 0 to 8 drops per minute. 
The effluent contained all the taurine and the acidic peptides. The amnio acids 
were all retaiiuni by the n^sin which were subsequently eluted by means of 50 ml. 
2N ammonia followed by 50 ml. of distilled water for another fraction. Both these 
fractions, one cciiitaining the whole of the taurine and the other the rest of the 
amino acids weni evaporatfjd to dryness and the residues were treated with I ml. 
of <liKtilled water <‘ach to extract all the amino acids. The extracts were centri- 
fugcfl and 0.1 ml. of the supernatant from each fraction was applied to paper for 
chromatography. Tw(^ different chromatograms were prepared for the taurin(' 
fraction and the amino acids fraction. 

After taking normal readings for seven days II groups oi’ the rats were exposed 
to gamma radiation from an about 2i> curie (lo®® source. The doses given to th(* 
three groups were about l2(MJr, t>(K)r and IlOOr respectively. The rats wtre put 
individually into small win* eages to restrict tluur movement. Tlu' cages were 
fixed on a wooden platform akuig the einuimference <»f a circle of proper radius. 
The source, was tlien placed at the centre of the circk* by nu‘ans of a remote control 
median ism, Tnvo groups of rats were not irradiated and were kejit as control. 

Kksclts and Discussion 

normal excretory pattern of the rats, as studied in grou])s of fi animals, 
showed similar ( hanuderistics. The 24-hour sampli‘ of urine, however, showed 
some degr(*es of tiuctuations orf the different constituents tfom day to day and 
therefore^ a mean valu(» was accejited as the standard oikn The amino acid pattern 
of all the groups showed th(‘ presence of identical spots, some of them appearing 
regularly such as glutamic acid, glycine, alanine, valini^ and phenylalanine. Apart 
from these, presence of aspartic acid, lysine, tyrosine, methionine, leucine and 
hydroxyproliiu^ were identified; but they appeared either irregularly or in very 
small ameuint and as such tliey wen* negl(‘cted. 

The animals exposed to 300r behaved almost normally. Those exposed to 
tlOOr showed epilation, lassitud(N anorexia, and emaciation; the condition improved 
at the end of 2nd week, [ntraoeular tension and ])ro})tosis d(‘veloped in all the 
animals exposed to I200r and (iOOr. All the animals ex}K)sed to I2fifir. died witliin 
the first ^Kist-irradiation week. In this group, animals beeaiTK* extremely feeble, 
averse to food and refra(*tile to external stimuli; e])ilation was extensive, convul- 
sions also occurred. Morbid anatomy following post mortem examination showed 
massive haemorrhage in brain, stomach and small intestine, acute dilatation of 
stomaeli and small intestine was also noticed. Blood examination 24 hours after 
irradiation showed leueopenia and ervthropenia in all the groups after radiation: 
however, the fall of tlu^ leucocyte and erythroeyte counts was jiroportional to 
dosage. 

Urinary aiialy^sis showed that urea, fr(X> NH3, uric a(‘id and creatinine increase 
following irradiation (Figs. 1, II, III and IV). This increase took place in the 
immediate 24 hours following exposure and came down on the 2nd or 3rd day . 
In the oases of 300r and fiOOr groups a second increase was observed which persisted 
during tlu^ first post- irradiation week, but gradually came down to normal during 
the second or third wTck. In normal animals the amount of free ammonia was 
persisU^ntly very small, but a peculiar phenomenon was noted in irradiated animals, 
when considerable amount of free NH3 occurred in urine and the amount w as roughly 
proportional to dosage. 

The I200r group differed considerably from the‘ other two groups. In this 
group following a transient rise in the 24 hours immediately^ following irradiation, 
urea and free ammonia came down as w^as noted in other groups; the fall was more 
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marked in this ease. The uric acid level afU'r coming down* persisted to show 
low values, as compared to normal. However, from the 3 rd/ 4 th day urea and frtN* 
NH 3 excretion gradual!}’ continued to rise till death superveneil. 

The two peaks in these ex(Tetory c urves conform to the immediate and delay txl 
changes in protein metabolism resulting in tissue destruction; however the signiii* 
cance of free ammonia is obscure. It may be that the ammonia j)ool of the 
system, notably glutamine, is deplc*nished giving rise to the free NH^ in urine, 
ft would be interesting to study llie concentration of NH 3 in different tissues 
following irradiation and also to correlate between the amino acid nitrogen levels 
in blood of irradiated animals v\ith the NHa-urea excretion in urine. Such experi- 
ments are now being carried on in this laboratory. In any case, it scxuns that 
urinary ammonia excTcled comes from a highly labile compound whicli is c^asily 
(Jec’om posed by steam. 

Another peculiar feature noted was the c^xcrctor\ pattern of taurine in urine. 
'Phere was no significant rise in taurine Icwel in the urine of the irradiaUxl rats, 
althougli inorganic*, sulphates incrc^ased and the iiM*ivase was roughly proportional 
to dosage (Figs. V and \TI). Although cwidences suggc'st that SH-cumtaining 
molecules are converted to taurine in liver and a few other organs, such as kidney 
and splc^en. the excretion may not invariably take' j)lac‘c as suc*h. It is known that 
taurine is [)rc^sent widedy in animal tissues and its c*hii^i metabolic* prodiuit is 
inorganic^ sulphate in urine'. In anoth(‘r sc^rievs of ex])C'rim(‘nts with X-rays, taurine 
increase ^as noted b}" Ihc' present group of workers, u l)i(*h was not very high and 
also did not pc'rsist few a significant p(‘riod of time* (Das. Dutta and Miikherjee, tn 
he puhlished). It appears that a more reliable data should lx* thc^ excretion 
of inorganic* sulphate and total sulphur indi(*ating thc^ Icwc*! of >SH-('ontaining 
mole(‘ules and other sulphur containing molecul(*s n‘sy)e(‘tivcly. In the prcNsent 
work such data are c'onsistent with the* (*xpected scheme of events. In moderate 
and sc'vere exposures these snlpliatc's arc* in(*r('ascxi in urines hut gradually come 
clown and attain normal levels. While in the group exposcxl tc> 1200 r, thc'se excTc- 
tion curves swing u])vvards till death (Figs. VI). 

Jiegarding other amino acids, persistently (*xcreted hy t hc^ irradiatc'd animals, 
only thc 3 12 () 0 r group shows signific*ant increase*, of glutamic. a(*id. glycine*, a-alaniric*, 
valine and phenylalanine (Figs. Vril, IX, X, XI and Xlf). 

A comparative study of the excretory })attern ot the groups exposed to 
different degrees of radiation damage shows certain common f‘eatur(*s. Thercys 
an initial rise in the major nitrogemous excretory produ(‘ts in urine which takc^ 
place within the first 24 hours after radiation. This is presumably duo to the 
immediate tissue destruction. This rise comes down within normal limits within 
2/.S days. But soon after a more gradual increase* of the* nitrogenous (*x(Tctory 
products takes placx*. which gradually tend to eome down wiUiin the Sth or 10th 
day. But Avhere extremely seven* dosages are (*mployc*d, this seccmclary rise has 
no teiidenev to come down and death occurs at the pc'ak of thc*^ excr(*tion curves. 
Further work regarding the detailed mechanism, lesjionsjble for the changc*s noted. 
is being (conducted at pre^sent in this laboratory. 
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PARASITICA IN THE PINK Mt:ALYBUC5 
INDIA 1 // YMKSOPrKRA ) 


bt/ Hakoij) (AompkrkJ H. K. Si bra Rao and R. B. Kai u» 


((Communicated by E. S. Narayanan, F.N.l.) 
(Rt relred Au(fu,st S: nad Ociobir lUfdi) 


AnsTKA(rr 


In tho winter of 1957, some parasites of the stigaiTano rn<Mily4nig Snccharicoccns median 
(CkJl) were reiii-eii in the Entomology laboratory of the Indian Agricultural Keuearch Insti* 
lute, Delhi. Among these were two spocioH of Knesyrtidao of unusiial interevst owing to their 
structural peciiliarities and have thus been descrilxni in detail. The genus Scdioencyrtun Gimult 
was synonym i zed with Xanthoefwyrtus Ashmead by Timberlako (1920) on insufAeient grounds. 
Scelioencyrtua Girault has now been ^instated l^ecause of the peculiar structure found in the 
male antennae. A key to the species of Seelioe.ncyrtiM females has also Ixjen prepared. Aaty^ 
tnachus japonieus Howard has been re<;ordod from India for the time and has been 

i-edoscribed . 


Forkwoju) 

% Harold CAompkhe 

Among some chalcidoid parasites received from India were two sjwcies ol‘ 
Encyrtidae reared from the pink mealybug of sugarcane, Saccharicoccus sacchari 
(Ckll.), (^ollected near Delhi by Kaiir and forwarded by Subba Rao. These 
encyrtids were of xinusual interest owing to their structural peculiarities and what 
appears to be a correlation between struc^tiire and habit. Both species appeitred 
to be specialized for crawling between the sheaths and culms of graminaceous 
plants in searching for hosts, but poorly developed for jumping and flying. The 
dried specimens of both species were badly shrunken, distorted, and paper thin — 
the heads flattened fronto — Kiccipitally, and the bodies flattened dorsoventrally; 
the coxae and femora of the hind legs slightly swollen, the middle legs weak with 
small tibial spurs; the setae on the head and body small and scarcely perceptible. 
One species was extremely elongate, with a long, strongly exserted ovipositor, 
and the other less elongate, with an exceedingly small, concealed ovipositor. I 
advised the sender that the species with the long ovipositor was an Astyrrmchm 
and referred the other species to Scelioencyrim, and stated that before the species 
could be determined a more comprehensive study should be made ol the species 
in the genera Xanthoencyrtus , M irastymachuH , and Pholidocerafi and suggested 
that he do this. Shortly afterwards my interest in the species was reawakened 
by Dr. Ishmail Famy, a visitor to Riverside from the Sudan. He reported that 
the mealybug. Saccharicoccus sacchari, was a very serious pest of sugarcane in 
Egypt and it was feared it would spread to the Sudan and might ruin the sugar- 
cane industry there. He expressed a hope that tJie mealybug might be controlled 
in Egypt by the introduction of its parasites before it spread to the Sudan. I 
restudied the two species of Encyrtidae reared from this mealybug in India. The 
specimens of Asiymachus proved to be indistinguishable from specimens of 


^ Citrus Experiment citation, University of California Riverside. 

2 Division of Entomology, Indian Agricultural Research Institute, New Delni. 

VOL. 26 B, No. 1. 



46 HAROLD COMPEBK, B. R. SUBBA RAO AND R. B. KAITB : TWO SPECIES 


A. j'lponif.ux Howard. The sample of japoniciin from .Japan was a gift from 
Professor Kpizo Vasumatsu. and consisted of three females, reared from Aclerda 
tokionin, collected at Fukuoka, Kyushu, .Tune lo, IfJ.'iB, l>y Y. Murakami, fn the 
meantime, Subba Kao and Kaur prepared and sent for review an article on some 
new B[)ecies of Kiicyrtidae from fndia, which included the two species under consi- 
deration here, and 1 was namc^d as the senior author. This article is a compromise 
and concerns only the two specie.s in which 1 had a special interest, fn the case 
of the new species, mynmrimidffi, much that is stated in connection with its generic 
status is a matU'r of o|:iinion only, and 1 am solely responsible for these opinions. 

A/tlifmachnn and ScfilioPHri/rtitM have a number of structural peculiarities that 
may prove instructive to e.Kpcrt anatomists in tracing the evolution of the thorax 
in the Kiicyrtidae. 


Si : K I , I o E N 0 V rt i 's ( lira u 1 1 


AceJiopncjjilii-s. (lirault (l9lo). Mini. Q. Mn.'t.. J. lOI. 

linnarh : There is a possibility that Timberlake. (1920) synonymized iSceiio- 
rmyrtuH with Ximtfiopnq/rtu.'i .A.shmead on insufficient evidence. The species 
injiiiuiricoidi'x describeil below is more closely related to Sceliocncyrlus nigricluvun 
(Jirault. the genotype, than any described sjiecies, but it differs too greatly from 
Kantkopnnjrlus .■n'.n.iii .Htrirto to lie placed in (his genus. ,V. niijrklavu.'i- ViAH des- 
cribed as having hmger marginal fringes than usual - a fifth the greatest wing 
width. In m.!itnnricnidpn n. sp., the fringes of the front wings an* about one-half 
the greatest wing width, and extend from near the stigmal vein on the anterior 
margin to a point opposite the stigmal vein on the posterior margin, and th(> 
fringes of (he hind wings are longer than the greatest, wing dwidth. In Xantho- 
rmyrtuH the marginal fringes are short, and in the males the sixth .segment of the 
funiclc is normal in size and shape with a row of erect, club-shaped setae, or .semsory 
organs. In mymnricoide.s the sixt h segment of tlie funiclc is enlarged in the males, 
one side concave with a group of crowded, circular, simsory pits. The opposite side 
convex, with the distal end tlattened and slightly expanded. 'I'he final decision 
as to whether a mistake was tn.ade in synonymizing Sr.idioeiuu/rtH^ will probably 
depend largely on the characters to be found in the male antennae of the species 
described by (Jirault undi'r Sirlionicyrtu.'i. particularly ii.i(jrirlni:>i.~i. Girault des- 
cribed this and two other species from one female eacli, collected in Australia. If 
no mistake was made liy 'rirnberlake in synonymizing HcflinenciirtUK. it may be 
desirable to erect a new genus for nn/maricoidi'.s. 

Major diagnostic characters of generic value are given in the description 
following the minor characters, in case the genus SceIioe.nritrf,i-'< is not reinstated 
and It IS desired to erect a new genus for the reception of mywnricoidcs. 

♦ 

Svdioe.ncyrt u.s niymaricoidrs^ ii.sp. 


Distinguishable from all described species of Encyrtidae bv the extraordi- 
narily long inargmal fringes of the wings, and in addition bv tlm unusual sixth 
segment of the funiele in the male sex. 

Minor characters. -Female.-denornl colour yellow to yellowish white or 
pallid, wuth exteasive brown to blackish suffusions. Frontal ^aspect of hid ’ the 
greater part of mesoseutiim. scutellum and axillae, abdomen iiLr the base and 
the tergum of the tenth [morphological) segment yellow. Ventral parts of thorax 
and abdomen, largely if not completely, yellowish whitg, or pallid, with concoloulus 
legs except for the pretarsi which are black. Antennae dark brown or blacSsh 
with the scape and pedicel more or less suffused with pale yellow. cLls Bnd 
lower iiart of face between antennal sockets brown, ocd^tal aspect of head con 
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colorous with ventral thorax. Pronotum more or less, anterior margin of ineao- 
scutum, lateral and posterior sides of seutellum. motanotum, more or less of meso- 
pleura and basal wing processes brown to blaekisli. iVopodeum pale brown, and 
somew^hat whitish on abdomen at base grading to yellow and brown. 

Frontal aspect of hc^d, mesoscutuin, axillae and scutellum very finely and 
closely reticulate producing a punctate effect, shinirvg. exceedingly finely, sparsely 
pubescent, the pubescence scarcely visible at a magnification of 72;r. Wings highly 
irridescent and with exceedingly tine, pale, scattered hairs that are sc^areely visible 
in direct light, and which do not form a definitive speculum; the wing membrane 
appearing faintly wrinkled or roughened under high magnification. 

Head wider than long, the eye.s small, protuberant, about as long as the cheeks 
ocelli large, throe times their own diameter apart, and in dried specimens almost 
in a transverse line across the vertex. Scape sliort and thick, not compressed 
below', slightly more than twice as long as wide; pedicel about one and one-half 
times as long as wide; first funicular segment slightly longer than wide, the succeed- 
ing four slightly w ider than long, the sixth about as w idc as long; club two-segmented, 
about as long as the preceding four funicular segments and slightly wider. One 
or two linear sensillae visible on each funi(‘ular segment when viewed in one focal 
plane; the hairs on the antennae moderately long, and scattered sparsely. 

Front wing more than three times as long as wide, the margins almost parallel 
distad of the venation and almost evenly rounded apically. Submarginal vein 
long, weakly developed, terminating apically in an enlargement scarcely recogniz- 
able as the marginal and postmarginal veins; stigma! vein norma). 

Length ranging between l->3 mm. 




Fig. 1. Fore wing of Astymachu^ japonicus Howard 9 
2. Antenna of A, japqnieua Howard 9 
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ifofc.— Except for tbe antennae, the genitalia, and certain modifications of 
the sclerites of the abdomen, the males closely resemble the females. As to pro- 
portions and shape, there is a similarity between the two sexes with reference to 
the scape, |)edicel and first five segments of the funicle, but with this the similarity 
between the antennae of the two sexes ends. In the males the sixth funicular 
segment is more than twice as large as the preceding segment, flattened and slightly 
widened apically, f>ne side concave and the other convex, the concave side with 
crowded, circular wmsory pits, flub small, solid, elongate^, about three times 
as long as wide and uniformly and <*vcnly tapered at both ends. Unlike the females, 
the fiageihim is furnished with whorls of curved hairs. 



Tkxt-fio. 2. 


Scelioenct/rttM myrnaricoideSi n. sp. 

Fig. 1. Head, front view 9 2. Antenna 9 3. Antenna 4. Mandible 9 
5. Maxillary palpus 9 6 . Labial palpus 9 7 . <Mid tibial spur and tarsi 9 
8. I ore wing 9 9. Hindi wing 10. Portion of the fore wing highly 

enlarged Hhowing the vention 9 o © .r 
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Major charctcievit, — Female ^ — ISlongate, paper thin as noted. After drying 
specimens appear shrunken and distorted with the frontovertex and face directed 
dorsad and lying in the horizontal plane. Antennae inserted close to the oral 
margin; the head articulated to the cervical processes high above the center of 
the occiput. Mandibles with two teeth. Maxillary palpi two-segmented; labial 
palpi one-segmented. The apical dorsal sclerite (= tergum x) of the abdomen 
greatly enlarged and margined on either side by well-developed para- 
tergites [= cut-oif dorsal remnants of the tergum of segment IX]. Ovipositor 
exceedingly small and enclosed in the apex of the abdomen by sternum of the last 
apparent segment. Ovipositor sheaths [= styli] vestigial or absent. Inner and 
outer plates of ovipositor [= gonocoxites and gonotergitesj scarcely more than 
twice as long as wide, if that long. Weakly if at all saltatorial, tibial spur of middle 
legs small and weak, about as long as the short basitarsus. Mesopleura only 
slightly enlarged and appearing in relatively simple form with a ridge [= pleural 
ridge ?j extending horizontally from the lateral coxal condyles to the posterior 
margin of the mesopleura. Mesosternum partiallj^ divided into three transverse 
subequal sections by two subraedian sutures or ridges. 

Except for the differences in the wings and in the sixth funicular segment 
of males as noted, rnymaricoides does not appear fundamentally different struc- 
turally from several unidentified species of Xanihoencyrtm in the collection of the 
Citrus Experiment Station. 

Described from 20 females and 4 males reared from Saccharicocctis sacchari 
(Ckll.), collected by R. B. Kaur, Delhi, India, 1957. Three females and 3 males, 
all on slides and designated paratypes, in the ‘‘National Pusa Collection”, Division 
of Entomology, Indian Agricultural Research Institute, New Delhi. Seventeen 
females and 1 male in the collection of the Citrus Experiment Station, Riverside, 
designated holotype, allotype and paratypes. The female holotype under one 
cover slip with 4 paratype females, and the male allotype under a second cover 
on the same slide, to be deposited in the U. S. National Museum, and paratypes 
in the British Museum of Natural History. 

Key to the Species 
Described under HceMomcyrtm^ Females 

1 . Front wings with the marginal fringes much shorter than one-half the 

greatest wing width 2 

Front wings with the marginal fringes one-half the greatest wing 

width myrnaridoides, n. sp; 

2. Front wings with the marginal fringes one-fifth the greatest- wing 

width 3 

— ^ - Front wings with the marginal fringes very short, less than one-fifth 
the greatest wing width. First three funicular segments blackish, 
the distal three white tricolor Girault 

3. Honey yellow: antennae dusky yellowish with the club jet black. . . . 

nigriclavus . Girault 

Marked with blackish; antennae jet black keatsi Girault 

Astymachus Howard 

Astymachus, Howard, (1898), Proc. U. S, iial, Mus,, 21 ^ 238; Girault, (1915), J, N 

r. enL Soc,, 23, 167. ^ 

Remarks: This genus is not closely related to Aphycus with which it was 
compared by Howard, nor to Xanihoencyrtm with which it was compared by 
Girault. It is a distinctive genus not closely related to any other known to us. 
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It is suggestive of Xantti>oe7icyrius with regard to the flattened head and body, 
almost imperceptible hairs, two-segmented antennal club in the females and the 
row of short, erect, club-shaped setae on the sixth segment of the funicle in the 
males, but otherwise there is little similarity between the two. Although the tergum 
of the fourth segment is greatly enlarged and the oivipositor lies enclosed by the 
sterna in the apex of the abdomen, and not exposed as if in a groove, Astyrnachtis 
lielongs to the Mirini and Xanthoencijrtm and related genera to the Ectromatini. 

Some Major Characters for DuHnguishing Astymachus : Elongate, flattened 
ovipositor exserted one- fifth the length of abdomen. Head appearing^ flattened 
horizontally in dried specimens with the frontovertex and face dorsad in Sne plane, 
but after distension in acetic acid the head appears more vertical than horizontal 
with the vortex rounded and the face incliiu^ ventrocaudad. Ocelli small, far 
apart and in an acute triangle. Antennae inserted near the middle of the face 
and the head articulatc'd to the cervical processes slightly below the center of the 
occiput. Eyes small, shorter than the length of cheeks. Antennal club two 
segmented. Mandibles with three nearly equal teeth. Maxillary palpi four 
segmented: labial palpi three-segmented. Front wings moderately slender, almost 
three times as long as wide, almost evenly curved and rounded distad of the stigmal; 
vein; margiixal fringe mochuatoly long, about one-fifth the greatest wing width; 
submarginal vein long and weak; the marginal vein scarcely distinguishable and 
narrowly separated from th(‘ costal margin; postmarginal vein rudimentary 
Pronotum slightly longer than the inesoscutum; scutellum not evenly rounded 
but with the sides near the base almost straight. Mesophragma almost as long as 
the thorax and projecting into the abdomen almost one-third the length of the 
latter. Abdomen about twice as long as tlie thorax and slightly wider, widest 
near the cerci in the middle; tergum of segment X enlarged; paratergites absent. 
Ovipositor exceedingly long, the over-all length more than the length of the tibiae 
and tarsi of tlu? hind legs together, and exserted almost one-lifth the length of the 
abdomen, (^)xae and femora of hind legs distinctly swollen. Middle legs rela- 
tively weak, the tibia) sj)ur not as long as the basitarsus, the latter about one and 
one-half times as long as the following segments; front legs with relatively large 
curved femora. The lateral margins of tlie dorsal sclerites of the abdomen arl; 
iidoldcd or thiekeiu'd, and cleared, stained specimens the inart^ins are visibee 
in straight lines from near the basal to the apical end of the abdomen and produce 
an effect as if the abdomen walls were reinforced by longitudinal apodenies. In 
thi.s genus, as represented by .1. japonicus, the mesosternum is large, transverse 
and not divided hy sutui’cs or ridges, and the mesf)pleura relatively simple. 

Rkfruknck 

TimberlAko, P. H. (1920). pt^scriptioa of new gonem and species of Hawaiian Encyrtidne 
(Hym.) Proc, Hmoan ent. S(h\, 4, No. 2., 409-437. ^ 
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EXISTENCE OF AMOEBA 

hy S. Mookebjbb and B. ,Hajka Department- of Zoology, Presidency College, 

Calcutta 

(Communicated by B. R. Seshachar, F.N.I.) 

(Received September 2: read October 2, 1959) 


Abstkaot 


A species of soil ameoba {AcantJmmoeba sp,) has Imhmi studied (^ytoclieinically in trophic 
and cystic conditions. In trophic forms, localization of alkaline ])hoHphatase is seen in tho 
nucleus and in the cytoplasm. The basophilia is highest in the nucleolus, moderate in the 
cytoplasm, the nucleoplasm being poorly reactive. Tho nucleus has a central Feulgen -negative 
nucleolus and a periidieral Feulgen-positive chromatin area. Oyst-s, recently formed, i*e8omble 
the trophic forms in their basophilia, alkaline phosphatase distribution and Feulgen reaction. 
Older cysts tend to show a drop in their substance localization after one week. Cysts, after 
throe to four months, become completely negative to Feulgen reaction. Cysts become com- 
pletely devoid of basophilia after four to five months. Drop in basophilia and alkaline phos 
phataso reactions in cysts starts from the cytoplasm and ends in tho nucleolus. The cyst wall 
is Feulgen positive and is rich in alkaline phosphatase. It remains reactive to Feulgen till 
abo\it two months after encystment and gives tho reaction for alkaline phospliat^ase for about 
eight months after onoystmoni. Older cysts, displaying weak bstsophilia and Feulgen reactions 
are capable of oxcystment. Animals whit^h have encyst-ed for 9 months and over cannot 
oxcyst; by then all indications of the presence of alkaline jihosphatase are lost. Tho gradual 
depletion of RNA, DNA, alkaline phosphatase etc., would appear to be explainable on the basis 
of their utilization for the maintenance of life in absence of synthesis. The effect of prolonged 
encystment terminates tlie power of amoeba to excyst. 


Introduction 

The alternate existence of amoebae in trophic and cystic forms offers an 
important problem for investigation into their eytoehemical nature. One of the 
earliest reports of obtaining living protozoa from old cysts is that of Gooday (1913). 
He obtained living Colpoda from dry museum specimens of soils. In 1915, he 
further showed that viable forms of Amoeba and small flagellates, viz., Mona^\ 
Bodo and Circomoixas etc. could be obtained from forty- nine year old cysts from 
the same source. There is another report by Dawson and Hewitt (1931) on the 
viability of Colpoda cucullits which remained viable for more than five years in 
dry condition. Hausman (1934) obtained some living flagellates from materials 
dried for twenty years. Beers (1937) reported the viability of Didinium nasuium 
for ten years in sealed containers of hay infusion which did not withstand drying 
up. 

Rafalko (1947) reported that cysts of Ne^leria grnheri could withstand drying, 
but he said nothing about their power of viability. In low temperatures, the 
sporozoites and asexual forms of human parasites remain viable for 376 days and 
404 days respectively (Geoffry and Rendtorff, 1955), though their viability limits . 
have not been determined. 

No serious attempt has yet been made to study the cytological and cyto- 
chemical changes associated with the process of transformation of trophic into 
cystic forms and vice versa. Such transformation of Amoeba from active life Into 
resting stage is not merely a case of sol-gel conversion but should involve more 
complicated physiological changes. The present study is directed towards the 
understanding of the cytology and cytochemistry of Amoeba in trophic and encysted 
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conditionH. To this end, tests fur nucleic acids and enzymes like alkaline phost 
phatase were employed. The cytochemisty of the protoplasm of the cyst in coursi 
of prolonged encystment of the animal was also studied in relation to excystmen* 
phenomenon. 


Material and Methods 

The material used was a species of soil amoeba, AanUhamoeM sj). presented 
by Dr. B. N. Hingh of Lucknow to one of us (8. M.). The amoeba was subcultured 
by feeding it on Ac/vbfictor .sp. The* Aero^xicior also came from Luckno^v' and is 
now btung maintained by us in the laboratory on nutrient agar slopes, t 

vSubcultures were made on slides by the technique developed by Singli (1900) 
with a slight mcxlilication. C.n."; percent XaOl solution in distilled water was used 
as culture solution. Oysis from oiri cultures wen^ put on a clean slide in a drop 
of culture solution. A drop of thin suspension oX Avrobactor >sp, in saline was added. 
In 24 hours a perfect sul)culture of trophic forms was seen on the slide. 
Making of Muhcultures an agar was not found essential. The slides containing the 
subcultures were placed on wet hlt(T- paper in a large covered petri-dish. The 
cj^sis weni manipulated l)y a micro* [)ipette with a length of rubber tubing attached 
to it. (^ysts could be kejR <lry for long j)eriod8 on the slides in a closed box and 
were subsequently tested for their survival by making fresli subcultures with 
Aeroh(idor .^p.and culture solution. 

For the detcctioii of alkaline phosphatase, (iomori’s modified technique was 
followed. Amoebae wer(' fixed on tiu‘ slide overnight in 80 ])er cent chilled alcohol, 
'fhey were incuhatt'd at .*17 for half an hour. 

For basophilia. Hu' slides w(‘re fixed for three hours in Zenker's fluid and later 
washed overnight in taj) water. They were then stained in 0.1 percent toluidine 
blue in 1 per cent alcohol for four minutes and quickly dehydrated and cleared 
befon^ mounting. 

'fo study the Ftailgen reaction, the animals were fixed either in aceto-alcohol 
(Absolute alcohobll parts and acetic acid- 1 part by volume) or in Carnoy’s fluid 
for .’b5 hours. Optirinim time for hydrolysis was found to be four minutes at 60^C. 

Observations 

CYTOCHEMISTRY OF NORMAL TKOnilC AMOEBA 

/I Ihil h r pit o.s pit tthisf : 

The alkaline* phosphatase* in the trophic forms of Artcttiltatttot'ha sjt, from both 
new (/.c. two to three days old cysts) and old ey.sts (seven to eight months) show's 
a more or less uniform (list rihut ion, Howiwer, the intensity of reaction varies 
in the different n^gions of Mu* animaL(Text-fig. I , tig. [ ami 2). the cytoplasm shows 
a moderate r(*action, the lundeus a more inttmse one. The nucleolus seems to be 
the s(‘at of highest phosphatase activity, hi the (ytoplasm, ectoplasm and endo- 
{vlasm are clearly distinguishalde. The ectoplasm shows no phosphatase reaction 
at all. I he p8oudo}x)dia and (M)ntractile vacuoles are aUvavs negative. The 
plasma lemma is itself not reactive but (*an be clearly seen on the sides without 
jmcMulopodia. \bu;u()les ai*e seen as clear spaies in the cytoplasm. 

Bfhsophiiiti : 

The cytoplasmic l>asophilia in the trojihic forms obtained from new and old 
cysts IS moderately homogeneous. The ectoplasm is negative and the pseudo- 
piKbal bulge shows no basophilia. The nucleolus .is deeply stainable but the 
nueleo})la8m is not (Text.fig.2, fig, 9 and 10). 

Defiorprihonucltic Acid : 

The mioleiis is Feulgeii positive (Text-fig-S, fig. 18 and 19). 
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Text-fig. I. 

Alkaline phosphatase localization in trophic and cystic forms of Amoeba 
Fig. 1 — ^Normal trophic form. Fig. 6. — 1 month’a old cyst. 

Fig. 2 — ^Trophic form obtained from old cyst. Fig. 6 — 7 months’ old cyst. 

Fig. 3 — 2 days’ old cyst. * Fig. 7 — 8 months’ old cyst. 

Pig. 4 — 7 days’ old cyst. Fig. 8 — 9 months’ old cyst. 
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OVTOCHKMISTUY OF KNCVSTBD AMOEBA 


AlkaJinf : 

2 old r</W. The cytoplanm is luodemtely reactive. The niicleu.s shows 

a more intense reaction, the nucleolus displays tiu' lE^reatest activity. The cyst 
wall is also fKmitive (Text-tig- 1, fig. 3). 

7 dayn' old cyst. The reaction is slightly weaker except in the cyst wall and 
nuclear area which present the same intensity of reaction (Text-fig. -1, fig. 4). 

t4 fUiys^ oUl -The reaction in the cytoplasm is v^ery weak. The nucleus 
is |K)Hitive. 'Fhe reaction in the cyst wail is as before. ^ 

/ month old eyfft, - \ very faint reaction is shown by the cytoplasm. The 
nin^letiH and the cyst uall. however, continue to be rich in alkaline phosphatase 
(Text -fig.. I . fig. 5). 

2 month^i ’ old cyst, A vei y faint reaccion is seen in the cytoplasm. The nucleus 
lUsplays a weak reactiem. Tlic cyst wall, however, is positive as before. 

4 months' old cyst. The alkaline phosphatase reaction in the cytoplasm is 
almost negative. Th(* nucleus shoNvs loss of the ])hos})hatase activity. The cyst 
wall continues to be positive*. 

7 months' old cyst. Tlie cytoplasm appears negative'. Tlie nucleus shows a 
very faint readion. 'fhe nucleolus appears faintly positive. The cyst wall conti- 
nues to show a consideral)le reaction (Text-fig.- 1 , iig. b). 

5 months' old cyst. The entire eyst appears negativ(\ except a ve^y faint 

r(‘a<'tion in the aucjleolus (Text-fig.- 1, tig. 7), * 

U months' old cyst. Xo reaction for alkalim* phosphatase is seen (Text-fit^- 1 
Iig. S). V , 


Hasophilia : 

2 days' old cyst, --The nucleolus of the encysted amoeba shows the highest 
basophilia, 'fhe eytoj)lasm is positive but decidedly less than the nucleolus. No 
basophilic reaction is observed in the cyst wall (Text‘-fig.-2, tig. 11). The basophilia 
in precvstic forms, is signiticantly high (Text-fig. -2, fig. 12). 

i' U i'’ intensity of reaction in the evst shows a tendency to 

tall. I he nuoleolus continues to he intensely ba.sophilic. Home of the cysts en- 
••ountered, .show the furrowing of the evtoplasm into sectors. (Te.xt-fi» -2 fig i;}) 

I he eonspieuous feature of sui^h cysts is that the ba.sophilic reaction is more intense 
at the line of the furrows than in the middle of the eytoplasm. There are some 
(. her cysts whiel) show that the negative ba.sophilic space has filled up a great 

iminTones! c-.y.sts arc lowly reartive 

is ! mf <-yS--A further loss of basophilia in the nucleus and cytoplasm 

1 1 . 1 i- region is .sometimes observed which shows slightly higher 

ha.sophi ,a than m the rest of tlu> eytoplasm (Text.fig.-2, fi.r j J) 
the cyst appears basophilic. 

l« itirS ..V«, S:, l»«>philia (Text-fig..2, 
tinues to exhibifl2ophiHr(Tit%”i^^^^ ' 

does not render th^Xt^s *of the c^onl^ devoid .of basophilia. Toluidine blue 



Text-fio. 2. 


Basophilic concentration in trophic 
Fig. 9 — ^Normal trophic form. 

Fig. 10 — ^Trophic form obtained from old cyst. 
Fig. 1 1 — 2 days’ old cyst. 

Fig. 12 — Preoystio form. 


and cystic forms of Amoeba 
Fig. 13 — 14 days’ old cyst. 
Fig. 14 — 14 days’ old cyst. 
Fig. 16 — 2 months’ old cyst. 
Fig, 16 — 4 months’ old cyst. 
Fig. 17 — 5 months’ old cyst. 
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Deaoxyribonucieic Acid : 

2 days^ old cyst. In the cytoplasmic area, thei*e are certain bodies which an? 
stainable by Feulgen st^iii. Nucleus shows a positive reaction (Text-fig,.3, fig. 20). 
The cyst- wall appears to be Feulgen-positive. 

7 days' old cysL~Thc inside area of the nucleus shows a less intense DNA 
reaction (Text-fig. -3, fig, 21a). Some amount of Foulgon positive material is seen 
outside the nuclear membrane. This condition is seen in most cysts. In sonui 
cysts, the nucleus indicates more red reaction. Cyst-wall of these cysts shows 
red colouration, and in the cytoplasm, some granules, oriented mostly at the peri- 
phery, t^e up yellowish pink colouration more briglitly (Text-fig.-a, fig. 21b). 
Cysts, with crumpled walls, show reaction in the inner side of the cyst-wall; the 
outer wall remains unstained. Cysts, with smooth walls, have Feulgcn-positive 
cytoplasmic bodies. Sometimes these granules show a deep reaction, more intense 
tiian the nucleus (Text-fig.-3, fig. 22). 

21 days' old cysL—A faint reaction in the nucleus is seen (Text.lig.-3, fig 23). 
ft is seen on the inner side of the cyst-wall also. Yellow-pink granules outsid(^ 
the nuclear membrane are no longer visible. 

35 days' old cyst, — The nucleus appears nonstainable (Text-fig. -3, fig. 24). 
fn some cysts, however, faintly Feulgen-positive granules are found in the cyto- 
plasm, but the nucleus remains as a nonstainable body. 

2 Tnontks' old cyst, — The nucleus is faintly visible. Inner side of the cyst wall 
may show, at times, a positive reaction. The cytoplasm shows some positive 
reaction. The outer cyst-wall is non-reacting. 

2^ months' old cyst, — No positive reaction is found in the protoplasm. Tlu‘ 
Jiucleus does not react with the Feulgen technique. In some cysts, however, faintly 
positive granules continue to be seen in the cytoplasm (Text-fig.-3, fig. 25). 

3 months' old cyst, — No reaction is seen either in the nucleus or in any other 
region of the cyst (Text-fig. -3, fig. 26). 

Over 3 months' old cyst, — Ameobae, I'emaining encysted for over 3 months, 
become completely Fculgen-negative. 

Discussion 

This study portrays the occurrence and distribution of three important sub- 
stances in the protoplasm, of the active trophic and inactive cystic forms 
of Amoeba. Trophic forms grow by synthesizing new materials within their ccll- 
body. The cystic forms, however, live on the material already synthesized inside 
them. 

With prolonged encystment, the cytoplasmic KNA in the cysts gradually 
becomes depleted. The nuclear basophilia takes a much longer time for its dis- 
af)pearance. The paucity of cytoplasmic RNA in an inactive cell is understandable 
in the light of researches by Brachet (1942) and (V^spersson (1947). Tho RNA 
is always present in rich quantity in sites of active synthesis. That RNA is involved 
in protein synthesis has recently been shown experimentally by Prescott and Mazia 
(1954). Evidently Amoebae in cystic condition arc not engaged in fresh synthesis, 
and whatever RNA is present in the cytoplasm is being utilized in the cyst. James 
(1954) has recently presented evidence that the nucleus is responsible for main- 
taining the level of RNA in the cytoplasm. It is also on record that in intact 
normal tropic forms of Amoebae, starvation results in a drop of RNA (Prescott 
and Mazia, 1954; James, 1954). Singh (1952) has studied the nuclear apparatus 
in Amoebae by the Feulgen technique. According to him, there is a central Feulgen- 
negative nucleolus and a jJeripheral Feulgen positive chromatin area. In the 
newly formed cyst, the same eondition of nucleus is seen. However, prolonged 
encystment has a decided influence on the subsequent stainability of its nucleus. 
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After «even day« of encystment, the nuclear stainability becomes further weakened. 
The nucleus appears almost entirely negative after 3 months of encystment. 

The reaction for alkaline phosphatase is significantly different from other 
reactions. "llic alkaline phosphatase becomes progressively lowered with the 
ago of the cyst, but is not rendered negative so quickly. 

The viability of the cysts and their staining reactions ajppear to be related. 
It has been shown that basophilia and the Feulgen and alkaline phosphatase reac- 
tions suffer with encystment. However, even cysts with markedly less stainability 
excyst and pnxlucc trophic forms when subcultured before too long an encystment 
has occurred. These trophic forms present normal cytochemical localization, 
'fhc viability of the cysts is completely lost after nine months of encystmr'mt. The 
iiiter(\Mting |K)int is that alkaline phosphatase continues to be present in the cyst 
till the last, whereas basophilia and the Feulgen reaction are obscured after 4 months 
and 3 months of encystment respectively. It would appear that the viability 
of the tyst is associated rather intimately with the presence of alkaline phosphatase 
and as long as the latter is present the cyst continues to be viable. 

Another itderesting aspect of this study relates to the staining reactions in 
tlK‘ cyst wall, 'rhe surface of a trophic Amoeba is negative to Feulgen and shoAvs 
no basophilia and alkaline phosphatase. However, soon after cyst formation, 
the cyst wall, unlike other parts of the cyst, becomes progressively positive for 
all these thre<'. Some Feulgen-positivc bodies are seen in the cytoplasm soon 
after eiuystment. \"erv likely, they are of nuclear origin and tend to migrate 
towards tlie cyst wall. Th(* true nature of such bodies is uncertain. Ray and 
Sergu])ta (1954) ol)servi*d scmie dust like Feulgen positive particles in the endo- 
plasm of' Eniawocha histolf/tica and reported that the Feulgen positive chromatoid 
IxKlies contain varying amounts of DNA and RNA. Barker and Deutsch (1968) 
made some histochomicai studies and said that the chromatoid bodies in Entamoeba 
invadm^^ toiisist mainly of ribonucleic acid and son\e unspecified proteins. Their 
preliminary ele<‘trt)n microscopic study has shown that the globular particles which 
form these IxKlit's arc flattened after treatment with ribonuclease. But the fact 


remains valid tliat after some period of encystrai'nt these particles become no 
longer visible; very naturally they are utilized during encystment. The cyst 
nucleus hecornes Feiilgen-negative after '1\ months of encystment, but the cyst 
wall con(in\a‘s to be Feulgen positive, exhibits basophilia and is rich in alkaline 
phosphatase. 'Phis positive reaction on the inner side of the cyst Avail is difficult to 
^explain. It suggests that this part of the cell may not be altogether a dead secretion, 
and it so, it may ))c associated with vital function for the existence of the cyst. 

Uec’cntly the interaction between the nucleus and cytoplasm in trophic Amoebae 
has become the subje(‘t ot intense Avork (Danielli, et a/., 1955 ; Mazia and 
IVescott. 19.);) ; Brachet, 1957). The general trend of the findings is that both 
nucleus aud evtoplasm ijithieu(*e each other in a reciprocal manner. Specially, 
the nuclear origin of cytoplasmic RNA has been shown in experiments Avith isotopes 
((foldstein and Plant, 19;);)). This has led Brachet to express the vieAv that the 
nucleus exerts an impurtant control on the maintenance of cytoplasmic RNA. 
n t le present investigation, it is seen that the nucleus in encystment is not capable 
!!. f <Th>plasin. Brachet (1957) has expressed further that 
in u I ion of RNA synthesis leads to an inhibition of protein s>'nthe>sis, but reverse 
11,01 that protein synthesis in dependent upon RNA 

iiiu r'' o ’ ! I Amoebae where protein svnthesis is 

(ontiiuung _ cytoplasmic R^A becomes progressively reduced. 

vaiiJ^ however, cannot continue for an indefinite period. It 

latod in the < hunts and depends on the materials' already accumu- 

Idue Thi. n' ? to be about 

vious records of vialnHK^ ^ ^ species, because there are pre- 

vious tecords of \ial)ilit> ot <wsts of other sin^cies for longer i)eriods. A few tests 
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for glycogen in the cysts have also been made (Mookerjee and Hajm, unpublished). 
The glycogen test of the cysts runs almost parallel with other tests, he*, progressively 
the glycogen stainability dro^ with period of enoystment, until a time comes when 
the cyst renders glycogen stain impossible. The time of depletion almost coincides 
with the alkaline phosphatase localization. The most important point is that 
the energy for the maintenance of an inactive cell is sustained by the material 
already present in the encysticd cell. It is well known from the researches of Maizia 
and Ptescott (1956) that the nucleus is a centre of protein synthesis but in dehy- 
drated condition of the protoplasm it is ineffective. The different metabolic pro- 
cesses are facilitated by diffusion and in prolonged encystment they become in- 
effectual.* The only significant function that the cell is capable of performing in 
inactive phase is the carrying out its basic metabolism. In the life of an encysted 
amoeba a stage comes when the material inside the encysted cell is utlized and 
the life of the cyst is terminated. Mazia’s (1952) assumption seems valid not only 
in trophic condition of Amoeba but also in cystic condition that ‘replacing’ is 
necessary between the nucleus and the cytoplasm for the proper maintenance of 
life. The study of the phase between the tropic and cystic forms has abundantly 
shown that. 
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NITROGEN FIXATION BY AZO'rOBAOTElt IN ASSOCIATION WITH 
HOME ASSO(iATED SOIL MICROORGANISMS* 

by I’. D. Gadoil and V. P. Bhide, CoUeye of Agriculture, Poona 
(Communicated Hy J. V. Btiat, F.N.I.) 

{Heceii'ed September 14: read' lMi:eml>er i, 1950) 

Abstba<jt 

III ortlor to tiiid o«it tlio o(V<;ct oti jutrogeu fixation \>y Azotobucter wlioii gro\sn iii associa- 
tion witli varioiw soil iniiM oOrpinisms, (our Htiaius of Azotobdvter, belonging to two species, 
A. chroococcum and A. ugile, isoliitod from irrigated soils of the AgricuJtural College Farm, 
Poona, wore cultivated singly with soil bacteria, including some Rhizohium spp., and actino- 
mycotoH in mixed cultures in iest-tulx^s containing lb ml. of Ashby’s mannitol -jihosphate 
solution to which molybdenum and iron were added. Total nitrogen was determined after 
15 daya incubation at Noru^ of the bacterial cultures, except four strains of Rhizohium 

Hpp., stimulatml nitvogtjn fixation in cus<‘ of all the four Azotobucter strains. Some aetinomycete.s 
stiinulat/od nitrogen fixation while others depressed it. Four strains of Rhlzobium spp. greatly 
stimulatcil nitrogen fixation, 'fhere is tlms a possibility that legumes might have a stimula- 
tory effect on uitrogcu fixat ion by Aujfobacter cells in the close proximity of the legume root. 


Intuodlction 


'riio genus Azotobackr has been exteusively studied wiiiee its discovery by 
Btujerinck in 11M)I. It was thought that a study of the effect on nitrogen fixed 
hy AzoiobitpU r witen grown in association with other soil microorganisms would 
he inltMC'sting sinei' this asptMd has not been yet thoroughly investigated. 

HiSTOKICAb 


Markinuw (Ihdl) reported that when grown in association with cellulose 
(lee.unposing bacteria, nitrogen lixation by Azotobacler was stimulated. Richards 
(Ih.hl) toimd that a strain ot AzotolHidfr cfiroococcwm fixed more nitrogen when 
grown in ;issoeuition with a capsulated organism of the Aerobacter aeroyenes type, 
dt'itseii (111 10) noticed a signiheant increase in nitrogen fixation when Azotobacter 
was (uiUivated together witli ( 'dlulonionm biazotea; lie, however, found no increase 
in the amount ot nitrogen fixed when the associating microorganisms w^ere members 
ol the genera Cyioyhaya and ('vll vibrio. Perhaps the most extensive investigation 
on this prohlcni was conducted by Liad and Wilson (1942). They found that a 
t ultuie ot Az<tlofHicU'r viuelandii , contaminated by an arobic spore former, tentatively 
identiti(‘d as Hacillit^s circuhm,s, tixed considerably more nitrogen than A» vinelandii 
* I hey furtlun' experimented on associations of various other microorganisms 
Rhiz(A)ium spp. and reached the conclusion that with the exception 
oi ( bMruUum paste uriannnu which fixes nitrogen by itself anaerobically, no other 
microorganisms studuxl stimulated nitrogen fixation. Rybalkina (1949) observed 
• la lUK rooi gamsm^ isolated from peat show'ed varying response when grown in 
ifcssociatiou with Azototwirr; some were stimulatory, some antagonistic while otlierg 


tho giiianuoo of tho junior author at tho College of A^'iculture, P^na. under 
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were without any effect, Waksinan (1952) rej)orted that lifkizobium 
samm stimulated nitrogen fixation by Azotrjbadrr, Niekell and Burkholder (1047) 
found 25 cultures of actinoniyeotos that either suppresstnl the growth or killed 
out the Azolobdcter cells when the two were grown together, ball and Achari (1953)» 
on the other hand, reported that. Azofobucter in association with (H’rtain aetinouiy- 
cetes fixed more nitrogen than when grown alone. 

Material and Methods 

Using the enrichment culture method, four strains of Azotolmcter were isolated 
from irrigated soils of the Agricultural College Farm, Poona. The medium used 
was Ashby’s mannitol-phosphate solution; 100 ml. lots of this solution wei-e placed 
in 500 ml. Erlenmeyer flasks and inoculated with 1 gram soil samples. Incubation 
was carried out at room temperature (28°-30°C.). Within a week a brownish 
pellicle developed on the surface of the medium in most eases. From this pellicle 
streaks were made on Ashby’s agar plates and transfers to Ashby’s agar slants 
were made from well isolated colonies that developed on the streak^ plates. The 
four Azotobacter strains thus isolated were designated A, B, C and D. They differed 
in pigment production; strain A produced a deep brown pigment, strain I) produced 
very light brown pigment, strains B and C produced pigments intermediate? 
between these two extremes. The morphological and i)hysiological characters 
of these strains were studied and strains A and C were indentifl^ as Azotohacier 
agile, Beijerinck and strains B and D as AzotobacAer chroococcmn, Beijerinck. 
Cultures of soil bacteria and actinomycetes were obtained from the irrigated soils 
of the Agricultural College Farm, Poona, using the dilution and plating technique. 
Dilutions from 1 in 1,000 to 1 in 1,00,000 were plated using Ashby’s agar and 
transfers from well isolated colonies were made on Ashby’s agar slants. In all, 
11 bacterial cultures and 14 actinomycetes cultures wore isolated in this manner. 
Morphological and physiological characters of those cultures wore studied and 
some of tliem could be identified as noted below : 

Culture no. 4 : Cytophaga spp. 

Culture no. 9 : Aerobacter aerogenes 
Culture no. A 1 : Streptomyces coelicolonr 
Culture no. A 2 : S, coelicolonr, 

Culture no. A 3 : Streptomyces spp. 

Culture no. A 4 : Streptomyces spp. 

Culture no. A 6 : S, rutgersensis, 

Culture no. A 7 : Streptomyces spp. 

Culture no. A 8 : griseus. 

Culture no. A 10 : S, albus. 

Culture no. A 1 1 : Streptomyces spp. 

Culture no. A 12 : Streptomyces spp. 

Culture no. A 13 : Micromonospora globosa 
Culture no. A 17 : Streptomyces albus 
Culture no. A 18 : Streptomyces spp. 

Culture no. A 20 : Streptomyces spp. 

Three strains of Rhizobium leguminosarum isolated from pea and lentil and one 
strain of Rhizobium spp. of the cowpea group isolated from cowpea from the stock 
cultures maintained by the Plant Pathological Laboratory, College of Agriculture, 
Poona, were also used in these experiments. 

An Azotobacter strain and a soil microorganism were cultivated together in 
triplicate test-tubes, each containing 10 ml. of Ashby’s mannitol-phosphate solu- 
tion. Four p.p.m. of molybdenum and 0.06 gm. per litre of ferric chloride were 
added to the Ashby’s solution eince these elements are shown to be essential for 
proper growth of Azotobacter, (Burema and Wieringa, 1942; Homer, Burk, Allison 
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and Sherman, 1942). The of this solution was adjusted to 7.2. The tubes 
on i no;?ulation w'ore in«‘ubat^ at 28®C. for 15 days, at the end of wliich period the 
whole solution along witli the culture growth was used for nitrogen estimation 
by the Kjeldahl metliod. For quicker digestion, the rapid wet digestion micro- 
rnetlKMl outlined by Pepkowitz and »Shive (1942) was followed. 


Results 

The amount (4 nitrogen (in milligrammes per ten millilitres of the medium) 
fixed by strains A, B, and I) of Azotobacier in association with bacterial cultures 
1, 2y 3, 4, 5, 8, 9, 11, 12, 14 and 15, actinoraycetes cultures A 1, A 2, A 3,* A 4, A 6, 
A 7, A 8, A 10, All, A 12, A 13, A 17, A 18 and A 20 /RhizMum legurninosaruni 
cultures Ml, M2 and P7 and Rhizofjium spp. (cowpea group) culture Al 3, is 
recorded in Table I. Each value represents average of three replications. Control 
represents the amount of nitrogen fixed by that strain of Azotofxicter when it is 
grown alone. 

The data were statistically treated and the results in all four cases w^ere found 
to he significant. 


Tablk I 


Amount rt/ Xitrofjen {Iv^d h// Azotobacier fttmins A, /i, 0' ai>d J) w m^sociatioy} u>Uh, 
Moil Bacteria and Actinotnycetefi 
(Avomges of threo roplifjations) 

Mgin. of nitrogen ])or 10 ml. 


.VsHociating 

mioroorganiainM 


( control 
(^iltnre no. I 
Oulturo no. 2 
(Uiliuro no. 3 

Oytoiihaija Hp|). 

Culiuro no. .‘’i 
(Uilture no. 8 
Aerobactrr aeroyoivs 

(\ilture no, 1 1 
(Xiltiiro no. 12 
Culturo no. 14 
(^lUureno. 15 

Streptomycea cod icoloii r 
Streptomyces coelicolour 
Streptomyces spp. 
Streptomi/ces spp. 

Streptomyces ru tge rnen ,v ? ,v 
Streptomyces spj). 
Streptomyee>s gnseiis 
Streptomyces albus 
Streptomyces spp. 
Streptomyces app. 
Mioromonospora globosa 
Streptomyces albm 
Streptomyces app, 
Streptomyces app. 
JRhitolntim Uguminosarum 
atrain M 1 
airatn M 2 
strain P 7 

Bhitobium spp. strain Al 3 


Azotobacier strains 


h C 


A 

0.205 

0.119 

0.097 

0.079 

0.305 

0.265 

0.201 

0.265 

0.213 

0.209 

0.091 

0.108 

0.161 

0.345 

0.355 

0.361 

0.016 

0.243 

0.269 

0.295 

0,393 

0.482 

0.423 

0.249 

0.160 

0.319 

0.528 

0,681 

0.464 

0.574 


0.200 

0.132 

0.177 

0.092 

0.245 

0.214 

0.150 

0.258 

0.160 

0.223 

0.129 

0.156 

0.285 

0.443 

0.470 

0,370 

0.013 

0.259 

0.269 

0.236 

0.436 

0.647 

0.379 

0.269 

0.194 

0.283 

0.496 

0.662 

0^417 

0.665 


0.238 
0.201 
0.161 
0 . 1 73 

0.236 

0.182 

0.218 

0.204 

0.175 

0.165 

0.090 

0.104 

0.246 

0.324 

0.463 

0.370 

0.060 

0.293 

0.301 

0.264 

0.412 

0.688 

0.361 

0.311 

0.246 

0.292 

0.666 

0.695 

0.491 

0.626 


1) 


0.274 

0.257 

0.205 

0.155 

0 . 325 
0.191 
0.218 
0.110 

0.198 

0.165 

0.099 

0.143 

0.277 

0.365 

0.408 

0.609 

0.072 

0.213 

0.199 

0.338 

0.441 

0.609 

0.384 

0.246 

0.213 

0.250 

0.661 

0.648 

0.459 

0.607 
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CONOLtrStON 

The results presented in the table show that, with the notable exception of 
Rhizobitim spp., the bacterial cultures under study did not stimulate nitrogeJi fixa- 
tion greatly. Six actinomycetes cultures, viz., A 2, A 3, A 4, A 11, A 12 and A 13 
did stimulate nitrogen fixation in case of all the four Azotobacter strains. How- 
ever, considerable increase in nitrogen fixation was noticed in case of all the four 
strains of Azotobacter yrhen they were grown in association with strains of Rhizohium 
spp. The gain in soil nitrogen which unquestionably takes place when leguminous 
plants are grown is usually attributed to nodules of the legumes left to decompose 
in the soil and to the nitrogenous products excreted by the nodules. It appears 
probable that the stimulation of nitrogen fixation by Azotobacter when grown in 
association with R. legumiriosarum and other Rhizobium spp. which occurs to such 
a great extent under laboratory conditions (a fact also recorded by Waksman, 
1952) might also occur under natural conditions in the soil with the result that 
Azotobacter cells in the rhizosphere of legumes fix much greater quantities of nitrogen 
than they would in the absence of a legume crop. 'I'he gain in soil nitrogen in 
such a case would then be attributable, not to the legume crop alone, but also in 
part to Azotolfocter activity. To substantiate such a hypothesis, pot and field 
tests are of course quite essential, but the present work might h(‘ taken to indicate 
that such an hjrpothesis is not unwarranted. 
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AnSTRAfT 

In Mophorr iocix'osti in oxygon consumplinn with iiK^roHKing liody weight, as 

in(li(Tit(Ml hy lio’ n’grossion (Dx-nirocfif of medal )ol ism against size'', is maximal at the habitat 
|fun|n‘nilun' sad ^‘SM so at otlua’ Kanporatures, higlior as well as Unvia’. Honco the b value of 
tho si/.('*motuholism c’U^v(^s is maximal at (jonse({uontly the rate of decrease in the unit 

motuh()lisni with mcreusing body siz(^ exhibits a parallel depcouhmeo on temperature. The 
smalliM’ fish a()(i (ur to lie more sensitive (o temperature ehanges (as measured by Qio) than the 
larger oik^m, hot IId' latter show marked luuif drjpression at and indications of cold depres- 
sion at lo i\ Witli iner ising body weight the Qi<) imM’cuses at temporatiiros below^ the liabitat 
teinjX'ratUK' and drcri'iises at l('mp(‘rat ures Hbov(^ the habitat tem|>f'rat lire. The Qjq values 
arc' size d ipeiidi'at ai lovv^ r I cinpcH’atures than at the higher. The Qio values do not show 
any .syst;unatie tiMU(MH‘nlnre ti^md except in the 10 gm. fisli, wliere the Qjo systematically 
dc'creases witli the incosising t<'mpei*:UmT\ This a])pearH to lie associated with its heat depres- 
sion at ,‘ir) (k llighc'Mt Qio valiK' is noted in the smalic.xst fish at the highest temperature range 
and in iId' hirgc*st fish at the low('st ttnnperatnre range. 


fSTRODIXTlON 

The iidhunitr of body size and environmental temperature on metabolism, 
as mtHustired by the oxygen consumption, has already been described by the author 
in a tropi(‘al fresh wattu' fish, Eirophtu, nnimlatw^ (Parvatheswararao, 1959). To 
determine' whetlu'r a,nv ge neialisation can be made regarding the influence of 
body sizt' and environmental teinpeu-ature on the metabolism and iactivity of tropical 
poikiloUu'rrns, the investigations have lieeu extended to another tropical fresh 
wat('r fish, Eiinfii/s sophon and llu'se are descriln'd in tlu' present communication. 

MATinUAbS AND METHODS 

The tish were ('ollecded from the local fVesh Avater ponds and stocked in the 
laburatory in large aquaria along with FAroplus maculatus. The fish were fed 
regularly o!\ee in tAvo days, and water in the aquaria rencAA’^ed once a Aveek. Feeding 
metabolism was measured in specimens of diflerent body weights at diflferent 
temperatures, like Jn'C, 2o'^(^ *M)X\ and 35‘^0. 25®C Avas the approximate accli- 
mated temperature, as the temperature of the aquaria A^aried between 24 and 27^C 
during the peritxl of thovse studies. The procedure of these experiments was the 
same as iTportal in an earlier work (Parvatheswararao, 1959), and the estimation 
01 oxygen ^onUrnt in the water samples Avas by the Winkler’s iodometric method 
as described m \\el8h t\nd Smith (1953). The experimental duration was 15 minutes 
m each case and the fish were found to be somcAyhat slimy. 
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Hksults 

The results obtained are presented in the aceoinpiinvinn 'rabies and also plotted 
in the several graphs. 


Tablk 1 

Total oxjjgen consumption in Puntius sopUoro of different hodg xccighU at 
different temperatures 


* Serial 
number 

Weight 
of fish 
Gms. 


O 2 

ml. /hr. 


uro 

25Y^ 

80"(^ 

85 

1 

1.0 

0. 154 

0.271 

0 . 658 

0.851 

0 

2.1 

0.080 


0..890 



2 . T) 

0 . 280 


0.890 


4 

2.7 

0.870 


0.550 


5 

3.8 

0.490 


0.860 

0 . 860 

b 

4.0 

0 . 370 


1 . 100 

1 . 580 

7 

4.0 

1 . 100 

0.920 

1.650 

2 . 830 

8 , 

5.2 

0.250 

0.800 

1.590 

1 .710 

\) 

6.1 

0.550 

0. 180 

0.870 

2.940 

U) 

6 . 1 

0.810 

I .680 

2.010 

1 .860 

11 

6.4 

0.470 

1.680 

1 .470 

2.010 

12 

6.5 

0.920 

1.220 

1.840 


18 

6.8 

0.770 

1.740 

1 . 780 

1 .940 

14 

7.0 

1 . 890 

2.010 

2.010 

2.170 

If) 

7.0 

. . . 

1 .860 



16 

7.1 

0 . 850 

1 .820 

1 .740 

2.480 

17 

7.6 

1 . 470 

5.190 

4.580 

8.920 

18 

7.8 

0.780 

1 .280 

1 . 780 

1 .860 

IC 

8.5 

0.680 

2.920 

1 .470 

8.060 

20 

8.5 

1 . 2.80 

2.140 

2.690 

2.690 

21 

11.2 


2.820 



22 

12.6 

1 ! 840 

2.510 

8 !6io 

3 ! 060 

28 

16.2 

0.370 

8.000 

4.160 

8 . 800 


Oxygen, consumption as a function of body size : 

The values for the total oxygon consumption of Ihe lish (O 2 ml./hr./hsh) of 
various body weights at different temperatures are shown in Table I and plotted 
as size-meta})oli8m curves in Fig, 1 . At all the temperatures studied the oxygen 
consumption increases with increasing body weight of tlie fish, but there are clear 
indications of the existence of different responsive patterns by fish of different 
body sizes to these temperature changes as evidenced by the I’cgression coefficients 
of the size-metabolism curves (Fig. 1 and Table 1). The regression coefficient 
of the oxygen consumption in relation to body size is maximal at 25 °C and decreases 
at higher or lower temperatures. It is of interest that 25*^0 is the mean acclima- 
tion temperature of the fish. Further, throughout the weight range of the fish 
studied, the oxygen consumption increases with the same power of the body weight 
as is suggested by the straight lines of the size-metabolism curves. Unit oxygen 
consumption (Og ml./gm./hr.) values for fish of representative weights, calculated 
from the curves of Fig. 1 are presented in Table 3. The unit oxygen consumption 
decreases with increasing body'* weight of the fish at all temperatures studied. 
Such a decrease in unit oxygen consumption with increasing body weight at various 
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13.0 
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temperaturea reflects the temperature trends of the size«metabolism outtcs, already 
pointed out. 


Tabi^b 2 

The regression ooefficitM of ojsygen comum^ion in relation to body size in 
Puntiiis sophore at different iemperahirea 


Temperature 15®C 25®C^^ 30°0 36®C 


’Regression 

ooeffloient 0.86 0.96 0.91 0.59 


Oxygen consfimpti<yn as a function of temperature : 

It may bo noted that the size-metabolism curves of* Fig. I have different 6 
values at different experimental temperatures (Table 2). Thus at lo°C the b value 
of tlie curve is 0.86, at 25°C it is 0.96, at 30°C it is 0.91, and at 35°C 0.59. Such 
a variation of the b indicates that the increase in the oxygen consumption with the 
increasing body size is not the same at all temperatures. The unit oxygen con- 
sumption values of the fish of representative weights presented in Table 3, are 
plotted in Fig. 2 as Rate-Temperature curves. An examination of these curves 
will reveal that the body size is a very important parameter in influencing the 
pattern of metabolic response of the fish to the varying temperatures. The smaller 
fish are not only sensitive to these temperature changes but appear to be more 
tolerant of the same. Unlike this the larger fish, like the 16gm. one, show marked 
heat depression at 35'^C and indications of cold depression as well at 15®C. The 
same can be made out from the Q^o values discussed below. It may further be 
noted from Table 3 that the extent of metabolic response to temperature changes 
is directly proportionate to the temperature gradient encountered by the fish. 
Thus the unit oxygen consumption values of various fish vary much more between 
25 and 35'^0 or 25 and 16®C than between 25 and 30*^0. The only exception to 



Rate, of oxygen ooiatumpiion (p.^ ml./gm./hr.) as a function of t^perature m 
Puniiits sophore of 1, 4, 10 and 16 gm. weights. The points are taken from the si^- 
metabolism curves of Figure- 1. 


3 
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thin tmid i» the lesser variability in the unit oxygen wns^ption of a 16 gm. liali 
between 26 ai\d 35T' than between 26 and 30°C and this is associated with the 
heat depression in this fish at SS^C. 


■ Tasle 3 

Oxygen con9Uinpli<yn per gram of body weight per hour in Puntius sophoro 
of different gieee at different temperatures. The values are calculated 
from the size-metabolism curves presented in Figure-l 


ili 

1*5== 


O 2 ml./gm./hr. 

e 

15°0 

26^C 

30"C 

as-’C 

1 

0.129 

0.240 

0.297 

0.724 

4 

0,107 

0.224 

0 . 208 

0.413 

10 

<».O02 

0.219 

0.240 

14. 

00 

10 

0.080 

0.212 

0.238 

0.232 


^10 '* ftotclion of body Hize, anil (emperaturr : 

I’he values for the Q,« of oxygen consumption in Funlim nophere were cal- 
culated from the <lata presenied in Table 3. The same are presented in Table 4 
and plotted as curves in Fig. 3. 'I’o a greater or lesser extent the Qj^ values in 
PutUius .Hophori’ arc size dependent at all temperatures. At low temperature 
range (ir)-26'’(') they increase with the increasing bodj' weight and at higher tem- 
perature ranges (26 30"(! and 30-36 T,:) they decrease with the increasing body- 
weight. Such a <lccrease is less marked and systematic at the lower of the two 
higher temperature ranges. Thus at ’26 "range the Qj^ decreases from 1.54 
to 1.26 between I and 10 gm. fish, while the corresponding decrease between the 
same fish at SO-So^C range is from 6.96 to 0.97. Further at all temperature 
range's the variability of tiic Qj, values with the body weight is the steepest and 
jjiost marketl in smaller .specimens than in the larger ones, testifying to the greater 
<legrec of .size dependence of the Q,, valuo.s in the smaller fish than in the larger 
ones (Tii.hle 4), 



Tbxt-fio. 3. 

Qio <^oiifiumption in Puntius sophore ns a fun(*tion orhnvivr t,* a 

temperature mng^. W Q.o values nlv oAlcXtSCi^e vmh 

tiondata shown in Tabl©.3. >>>«nnne unit oxygen consump- 
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Tabt*k 4 

Qiq of oxygen conaimpiion tn Puntius sophore in rela- 
tion to body eize and temperature. The Qiq vd(v<4 
are calcnlaud from the unit oxygen eon^umpKb^ 
values presented in raMe-3 


Weight 
of &h 

Qmfl. 

15-26^0 

25-30‘’C 

30-86^0 

1 

1 .86 

1.54 

5.95 

4 

2.09 

1 .44 

2.87 

10 

2.38 

1 .25 

1.82 

16 

2.47 

1 .25 

0.07 


The Qio of oxygen consumption in PutUitM sophore decreases with increasing 
temperature between 15 and 30®C but increases with increasing temperature between 
25 and 35°C excepting in the 16 gm. fish (Table 4). The decr^ in the Qi, values 
between 15 and 30‘’C is systematic and graded in smaller fish but becomes less and 
less so in larger fish and consequently in the 16 gm. fish the Qj© drops from . 
to 1.25 between 16-25°C and 25-30'’C ranges, while in a 1 gm. fish the corres^ndmg 
drop is only from 1.86 to 1.54. Conversely the increase in the Q,® values betwwn 
25-30®C and 30-35'’C ranges is most marked in smaller fish but it becomes less 
and less so in larger ones. Thus in a 1 gm. fish the Qio increases from 1.54 between 
25 and 30®C to 5.95 between 30 and 35®C, while the corresponding mcrease m a 
10 gm. fish is only from 1.25 to 1.32. This tendency appears to have 
much further in the 16 gm. fish, where the Qio. mstead of 
decreases from 1.25 between 26 and 30^0 to 0.97 betw^n 30 and 36 C. TOw 
negative Q,o value is a clear indication of marked heat depression m larger fish 

at 36T. 


Discussion 

That metabolism of animals is considerably influenced, among other factow, 
by body size and habitat temperature has long been recognised. In 
the total oxygen consumption increases with the 

temperatures (Fig. 1). Conversely, the weight specific QO, ^ SSS 

ing b^y weight. It has been pointed out that in a gr^t majonty of casw, studlw 
amongst fishes, the increase in the oxygen consumption mth size is s^a^^arw 
dependent rather than weight dependent (Bishop, I960; IJy, 1967). ^everthd^ 
thJre are cases like Salvdinus fontimUis (Job, 1966) and Etroplus 
vatheswararao. 1969), where the increase in the 

was found to be intermediate betwwn surface S^he 

dence, at all temperatures in the former and at the habitat 

latter As against this, in the present case the regression values at the habitet 

temnerature and near about it (26® and 30®C) indicate tha^he increase 

oxygen consumption is nearly weight dependent rather 

But, that no generalisations can be made m this regard “ 

in the present case the increase in the oxygen 

area dependence (as at 36»C) or weight dependence m at 26 and 30 C) of may 
even be intermediate to these two oonditioils (as at 16 O), 
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The fact that fwh t>{ different body weights liav© different response patterns 
to temperature variations is evidenced by the h values of the size-metabolism 
curves (Fig. !)■ At 2o“C (habitat temperature) the b value is maximal, being 
0.90, At higher temperatures the b drops down to 0.91 at 30°C and O.o9 at 35°C 
(Table 2). That this is due to the smaller fish being more sensitive to temperature 
changes is obvious from the Q10 values shown in Table 4. At these higher tem- 
peratures the smaller fish have high Qjj values indicating greater increase in their 
metabolism with increasing temperature and consequently at higher temperatures 
the curve towards the lower weight ranges is elevated much more than the rest; 
hence decreasing slope of the curve with increasing temperature. At 35°C the 
low b value of the curv^e appears to be due to the larger fish being heat depressed 
at this tcinf)crature as can be made out by the negative value in the 16 gm. 
fish and also the smaller fish being extremely sensitive to but tolerant of tins tem- 
{wrature as < an be n>ade out by the very high value in the 1 gm. fish at this 
lemptirature. Likewise when tlie temperature is lowered to lo°C from 25°0, the 
h value again decreases to (t86 fron> 0.96 and in this case the decrease in the b value 
ap[H«ars to be due to the larger fish being slightly cold depressed at ]5°C, as can be 
semi from the high value of the 16 gm. fish at this low temperature. Thus in 
Puntimt Hophore the b value of the size-metabolism curves decreases with increasing 
tcmiMjraturo above the habitat temperature {25°C) as in the case of the fresh water 
fish, EtmpluH maculntu't ( Parvathe-swararao, 1969) and the earth worm, Megm- 
coler »p. (Maroja, 1969). But unlike these instances cited, in Puntius mphore 
at lo^O the h value, instead of imweasing, actually decreases, apparently due to the 
larger fish being cold depressed at this low temperature. Consequently, at the 
habitat temptwatiire the b value happens to be maximal. Similarly, in the marine 
and brackish water [xipulations of the prawn, MfinpetiaeuJi monoce.ros (Rao, 1958) 
(he b values were maximal in the normal media and decrease wdth the variations 
in the salinity of the medium. This is especially true of the marine populations. 
In the lizards, Sreloporm occidenlalin and Uhi stamburiana the b values varied with 
temperature between 0.47 and 0.64 for the former and between 0.54 and 0.68 for 
the latter (Dawson and Bartholomew, 1956). But unlike what is found in the 
present c^e, the b value in the case of these lizards did not show any temperature 
trends. It appears t hat no general case can be made out for the b values as regards 
their temperature t rends. These values are said to be variable oven in the same 
spmes due to varying environmental conditions (Rao and Bullock, 1964; Rao. 


....r If present case at 35T and 16°C are 

thn depression at and slight cold depression at 15°C in 

frit^/i waf ^r'l inEtroplm inacuhlm (Parvatheswararao, 1959), another 

of cold donrAtatn depression was noted in larger specimens but indications 

lii tC the r'® smaller specimens at Ifi^C. It may be reasonably 

depression in the larger specimens of PuntiiL 
bwn koDt comparatively cold adapted, having 

the maculotm which were kept at While 

ones colw temperature Ltreme, the larger 

JaTbkT “ °”" 8®9“ent upon which their metabolism got denressed Ae 

either 25 aS^SS or tha”Tt*‘^ aopJwre is greater between 

the much wid^vrJiAnf w ^ 30“C, obviously due to 

in the former than in the latteT^^W ®*P®’^t“ental temperatures 

the crab, Pachy. 

of Si to *•' "“‘•bolira of amm.1, 

gnt group, UK to bo undoretood rehtively, I„ the present cuse 
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the of oxygen consumption is size dependent, although to varying degrees, 
being maximal at the highest temperature range (3(>-3/>°C) and less so at lower 
ranges (Table 4 and Fig. 3). This maximum size dependence of the Q.q values 
at 30-36°C appears to be exaggerated by the marked heat depression in the larger 
specimens and extreme sensitivity and tolerance of smaller specimens at 36®C. 
The reversal in the size dependence of the Qig values at temperatures above and 
below the habitat temperature in the present case is of interest. Above 26®C the Qjg 
decreases with increasing body weight and below 26°t' it increases with the increas- 
ing body weight. This appears to be a reflection of the manner in which the larger 
fish respond to changes in temperature, especially when the gradient is sufficiently 
large, 'thus the largest fish has the highest at the lowest temperature and 
the lowest Qig at the highest temperature, due to marked metabolic depression. 
Hence in this case the suggestion of Belehr&dek (1930, 1936) that physiological 
activities, provided they are not of a low coefficient, generally show an increasing 
temperature sensitivity with age appears to be true to a certain extent, ft has 
been pointed out (Rao and Bullock. 1964) that temperature coefficients in poikilo- 
therms most commonly either increase with increasing body weight or show no 
size trend at all. And both these trends were found in the crab, Pachprapmx 
cmssipeti (Roberts, 1957) but at different temperatuie ranges, the Qjg increases 
with increasing body weight between 10 and 23.6°r and shows no size dependence 
between 8 and 16°r. 


In Puntius sophore the Qii, does m>t seem to show any regular and systematic 
variation w ith temperature excepting in the 16 gm. fish (Table 4). 
and 30°C it decreases with increasing temperature but between 30 and 3o C d 
increases except in the 16 gm. fish, in which due to acute heat depression at 36 ( 
the Q,o drops to less than one. Unlike this, in another fresh water fish, htroplvi, 
maculatus (ParvathcHwararao, 1959) the Q^o systematically decrease with mcreas* 
ing temperature. In the earth worm, MegascoUx sp. (Saroja, 1959) also the ti{jo 
values did not show any regular temperature trend. However, in the present 
case, it may be noted, that the Qjg values are less size dependent nt lower tempera- 
tures than at the higher and the greater size dependence of the Qjg values at higher 
temperatures appears to be further exaggerated by the marked heat depression 
in the larger fish at 35°C. As against this in Etroplm imculatus there is a greater 
size dependence of the values at a lower temperature range like 16-30 C, perhaps 
due to the cold depression of smaller fish at 16®0 (Parvatheswararao, 1969). In 
Mytilus californmnus (Rao, 1953) also, as in the present case, the Q,o values wTre 
found to be less size dependent at lower temperatures. 
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Abstract 

The paper gives an account of the structure of adult root in 37 species of palms repre- 
senting all important subtribes of the Palmeae except the Mauritieao of which the material 
was not available. The relative importance of anatomical characters of these species has been 
emphasised and a discussion as to their value in the diagnosis of species on anatomical basis 
has been given. It has been suggested that hypodermis, air cavities and fibre bundles in the 
cortex which are of three typea-PhoeniXy Arecu and Hyophorbcy nests of scloroids on end Oder- 
mis, charactei’s and nature of stele, nionostelic or polystelic, its configuration due to lignifioa- 
tion of the conjunctive parenchyma, thickened, or unthickened central pith, presence or absence 
of medullary bundles in it, are features highly cliaracteristic in each species and c,an be depended 
on for the purposes of analysis of pahn species on the basis of their anatomy. This a8j)eot of 
the work has been fully discussed on pp. 92-95. It has been further suggested that since many 
of these characters are of a stable nature, they can be used for the analysis of the articifical genus 
of palm roots, ^^Rhizopalmoxyhn^\ 


L Introduction 

Palms form characteristic vegetation of coast line throughout tropics and oceanic 
islands. They are an ancient family ranging from Triassic to Modern period, a 
number of them having had flourished in the Tertiary Flora of many lands. Most 
of the living palms are concentrated in the Indo-Malayan region in the Old World 
and in the tropical islands of the New World. Studies on them are fascinating 
as they have woody, arborescent habit, primitive floral characters, economic 
importance, besides their availability as fossils in the Tertiary hori,zons all over 
the world, Solereder and Meyer (1928) have summarised work on the anatomy 
of living palms till 1928 dealing with stem, leaf, epidermis and roots, while a review 
of literature on fossil palms till 1943 has been given by Stockmans and Williere 
(1943), and by Mahabale (1958), Stray references to their anatomy as mono- 
cotyl^ons are also available in Arber (1922), Cheadle (1941, 1942, 1943a, 19436, 
1944, 1953), Bailey (1944), and others, but there is no connected account of tfee 
group as a whole. Tlie senior author and his associates have also been working 
on palms for the last 12 years and the main findings have been published from 
time to time (Mahabale aiid Udwadia, 1953; Mahabale and Chennaveeriah, 1953, 
and Mahabale, 1958). Muc|^ of this work deals with morphology, anatomy of 
vegetative and floral parts, wid cytology. The present paper deals with the ag^tomy 
of roots in 35 species of living ^Ims belonging to 10 genera, 2p of which have not 
been previously described. They are, therefore, described in detail here. 

VOL. 26. B. No. 2. 
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Ro<>t« in palms possess some peculiar features such as the so-called polystele 
duo to dissolution of stelar system into strands of various shapes, changes in their 
anatomy- due to varied habitats, etc. Some of these feaures are characteristic 
o{ certain genera and 8{)ecies and they help in identifying thtm on the basis of their 
anatomy. Anatomy of roots in living palms has been described by Von Mohl 
(IH49), Gillain (1890), Cormack (1896), Drabble (1904), Schoute (1912) and Bower 
(1923), whereas, Ktenzol (1904), Sahni (1938), Gothan (1942), Stockmans and 
Williere (1943), Shukla (1946) and Ognra (1952) have described it in a few fossil 
species, 


rr. Matkiual and Methods 


1’he nxils of palms generally arise from the basal part of a tree trunk where 
they form a dense net- work surrounding it. They are adventitious in origin and 
pierce their way from below the bark and enter soil. Some of them are long and 
reach a distatue of about 40' as was observed by Yampolsky (1 924) in Elaeis 
f/uifwnsis, vSome ot them bt^come thick and meehanical in function and run 
obliquely and serv<‘ as prop or stilt roots as those in Rhizophora or Pandanm. 
Others are small aiid grow downwards and serve as absorbing organs. The prop 
roots also on reaching soil send out smaller roots. In some palms the secondary 
roots grow vertically upwards and form pneumatophorps e.g., in V(r>srhaffeltia 
splendidn, Phopthix ns, Phaptiix htnnihs, Elupis guinppnsis. etc. Others do 

not enter soil at all, but torm an aerial jacket anmnd the tree trunk at one or two 
place's, I hr origin and gross structure of such roots has been discussed by Von 
Mohl (1 849) and later by Cormack (1 896) and Drabble. ( 1 904), bnt in the ])resent 
paper only the struct un* of adult aerial and underground roots in transverse section 
has bet'u given without entering into discussion as to their origin. 

As a general ride, anatomically the roots of palms are highly complex at the 
point of their origin trom a stem, but get simplified later towards the growing 
point as they emerge trom the cortex of stem and enter soil. A growing root, 
therofoie, when sectioned in series at different lengths from its apex back to its 
origin in the stem cortex, it presents different appearance at different places, 
besuies the changes it shows in adaptation to its habitat, and thus a good deal 
o viyiation in structure is found in palm roots, sometimes even in the same species, 
n the fuesent work both wdld and eultiA^ated species were investigated. The 
loots scmii alUu’ coUectioii were cut into 10-15 raicra tliick sections with the help 
0 a iCi z s fable Microtome, as the fixed material in palms gives rather unsatis- 

anatomical structure, each root was sectional in 
J xima , middle and distal portions two to three inches away from the point of 
man\ palms distal and middle parts of a root remain underground, 
biif flu IS exposed to air. Both young and adult roots were sectioned, 

cent 90 so cut were fixed in formalin-acetic-alcohol (Alcohol 95 per- 

Zh«l H ‘!V acid, 5 c.c.) for 2-3 days, 

After dohvdi)ifii/^\l"^ ^ alcoholic salranin and light green dissolved in clove oil, 

uL, tm rtrt “l ■■ i" semi-fluid 

« mwS,.S,f ^"•e.C.mer. lucid. .( .I,e level „f the .t.|e 

majjnitnation indicated separately against each figure. 

in. Kinds of Palm Roots 

true the pue- 

(I) Large. nzed nrrial roots functinning prop root^ : 
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These are stout and plagiotropic and extend over a long distance. They 
produce secondary or tertiary roots in soil later, e.g., in Areta cotecAu, KUum 
gutneensts, etc. 

(2) Cltuter-forming aerial roots : 

These arise from below the rind of trunk, in basal or epibasal region, a little 
above the grouiul and form a thick jacket of roots around the tree trunk once, 
rarely twice as in Hyphaene tndica. They grow downwards at various angles. 

(3) Pneumaiophores : 

Somd roots arising from the above two categories, and in some species those 
arising from below the tree trunk, very close to the ground, produce negatively 
geotropic roots which function as pneumatophores, e.g.. in Verschaffeliia apendida, 
Phoenix paludosa, Phoenix sylveMris, Elaels guineenis, etc. In VerschaffeUia 
splendida they look like the stilt roots of magroves but in Phoenix species they are 
small and grow near the surface of soil and look like coralloid roots of Oycas. 

Gillain (1890), Haberlandt (1914), Yampolsky (1924), d'Almeida and Correa 
(1949) consider them to be true pneumatophores, but this view is not shared by all. 
'J’hey occur in the above palms which are dwellers of xerophytic habitats. Pre- 
sumably the ancestors of these palms were growing on coastel streams in the past 
and migrated to their xeric habitats later, and, therefore, th(^ habit of forming 
pneumatophores is lingering in them. 

(4) Normal absorbing roots ; 

These arise as secondary or tertiary roots on the underground parts of any 
of the above three kinds. They are comparable with the absorbing roots of other 
plants. 

Anatomically all these roots differ from one another. A normal absorbing 
underground root has a thin limiting layer, epiblema, generally without root hairs. 
It has 2-3-layered hypodermis, the middle layer being thin. The cortex is large 
and parenchymatous with or without fibre bundles (c/. Figs. 6, 10, 13 and 26). In 
the middle part of cortex, air spaces of different size and shape are formed 
lysigenously, except in Nipa where they are formed schizogenously. The inner 
cortex is made up of small cells abutting on endodermis, sclereids, and some mela- 
nogenic cells. The outer cortex contains many rephide sacs lined by epithelial 
cells of parenchyma. Endodermis is generally one-layered, but in negatively 
geotropic pneumatophores, it may be two-layered. Pericyle is single-layered. 
20-30 xylem and as many phloem strands alternate with each other and lie radially 
below it. The conjunctive parenchyma is highly lignified, but the pith in the 
centre is generally unthickened. The outer fringe of central pith is thrown into 
folds of various shape. Medullary bundles occur in it sometimes. 

The large-sized aerial roots and prop roots retain essential anatomical features 
of normal absorbing roots, namely, lacunar cortex, thick-walled conjunctive 
parenchyma of the stele, thin-walled central pith, medullary bundles, cortical 
fibre strands, etc. but the air spaces in middle cortex increase in size, esTOOially 
in their underground parts, and the limiting layer and hypodermis are not heavily 
thickened. The secondary and tertiary roots have compact tissues. Conjunctive 
parenchyma in them is strongly developed and is thick- walled. The central pith 
is many-layered and extensive, partly or fully thickened. • 

In pneumatophores arising from large-sized secondary aerial or underground 
roots, epiblema or the limiting layer, is thick- walled and lenticular. Hypodermis 
is 10- 12-layered, but is not^ thick-waUed. Cortex is non-lacunar and is full of 
fibre strand. The stele has a smaller number of xylem and phloem strands, about 
20, arranged radially. The, oohjunotive ^renchyma completely fills the central 
cavity. The central pith is unthickened in them as in .or^nary absorbing roots. 
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Afiatomicalty thus, barring little lenticular openings on them, described as pneu- 
f^uUhodes by Haberlandt (1914), and their negative geotropic growth, there is little 
to suggest that they are different than true roots. Presumably they are not 
exactly the same as the pneumatophores of mongroves or the coralloid roots 
of Cycas, with which they resemble in appearance. Some of them even develope 
chlorophyll in outer and middle layers of cortex below hypodermis, possibly on 
being exposed to sunlight as do the aerial roots of Viti^ or Tinos2)ora or the pneuma- 
tophores of Avicmnia. 

Kec^ping these general characters of palm roots in mind, we shall now describe 
the structure (d‘ roots in different s|>eeies and discuss points of general interest 
emerging from them at the end later. 

IV. OESCliIl»TIVK 


'l’h(‘ family Palrnae is divided into five tribes and seven sub-tribes by Drude 
(1887) of whicii Coryphinoae is the first. It is further sub-divided into Phoeiiiceae 
and Halialeac. From the sub-tribe Phoeiiiceae five species of Phoenix were studied. 
Of these? Phoenix Hylye.HfriH has been described as a type for all palm roots and 
(liffereuiees shown by other species, viz., Phoenix zeyUmka, Phoenix rupicola. 
Phoenir palndom and Phoenix (lactyUfem are indicated briefly. 


Phoenix •sylveMrin UoxI). 

'riiis common Wild Date l^alm of India grows on moist ground throughout 
dry districts along the banks of streams and w^atcr courses and in the hills upto 
about Soon after germination, the primary root perishes and is replaced 

by adventitious roots arising from the stem. Tliere are three types of root in it 
as reportc'd liy d’Almeida and Correa (1949) : (/) The stout adventitious roots 
arising from the basal portion of the trunk growing obliquely in soil; (ii) Negatively 
geotropie ones growing as tough laterals given out by the stout adventitious roots 
near ground, and (i}i) thin, branched roots also given out by stout adventitious 
rofits forming a jacket around the trunk. These have no special direction of growth. 

A transverse section of aerial portion of adventitious root, 2.7 m,ms. in dia- 
meter, has epiblenia ivitli large cells and dark contents. Epiblema is cuticularised, 
without root hairs (Fig. 1). The epiblema has been termed by 
different authors as epidermis, periderm, rhizodermis, limiting layer or piliferous 
layer. Drabble (1994) feels that term 'Limiting layer’ is better since epidermis 
m palm roots or the piliferous layer, as a rule, has no hairs. On the other hand, 
Haberlandt (1914) prefers calling it as ‘periderm’. In the present study, the 
term hmitirig layer or epiblema is used in a non-committal sense. 

he epiblema often shows small warts and cracks. The hypodermis here is 
replacixl by a mass of thiu-wall^ spnngy tissue which acts as pneumathodes accord- 
ing to Haberlandt (1914) and is common to many other palms also. 

Below epiblema lies lignihed hypodermis, with a strip of thin- walled paren- 

ih>ma and two layers of bgnifiod hypodermis. According to Drabble (1904), 

layer of thin-walled parenchyma is due to centrifugal thickening 

ilk in H inner zones of hypodermis, leaving a strip of unthickened 

te 2 mentHrv*l'!^i!f m outermost thickened layers here form the 

regmentary system of root (Drabble, 1904) 

“a thin-walled round celk with fibre 

A fibre buidlo h H ^ = t^te outer, middle and inner, 

arranged in Hi • circular, surrounded by siUca crystals, the stegmata, 

iS Se bundle by 

k JhT P^' ^ ««pA«»-type by Drabble (1904) so as to include 

under it The iihpe K r’ • Divtyospermum and Seaforthia 

under it. Ihc fibre bundles m the following additional palms may also be classified 
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under the type, namely, Corypha, Hyphaew, t’aryota and Martinezia 

(see Iigs. 13, i-8, 34 and 66). They probably secure extensibility of main remits 
anchoring plant to the ground. 

Raphide b&ch containing aeicular crystals and a few tannin and mucilage cells 
are also present in the middle cortex. 

The central vascular cylinder is so constructed as to ensure pliancy combined 
with tensile strength. The polyarch exerch stele has 17 arches of xylem and 
pholem. 

The lignified endodermis is one-layered and belongs to Russow’s “C” type 
described by Haberlandt (1914). Exodermis is not much thickened whenever 
present. Pericycle is one-layered but at places two-layered. Xylem and phloem 
lie radially in thin-walled conjuctive tissue, the rest of it being lignified. The 
central pith is small about 15p. 

The secondary roots arising from the large pull roots are circular, about 
4.120 mms. in diameter (Figs. 2, 3). They differ from the aerial roots described 
above in having distinctly lacunar cortex, full of lysigenously formed air cavities. 
In larger roots these air spaces enlarge further by disintegration of cells, always 
noticeable at their boundaries. Remains of some partially dissoved cells are seen 
in Kentia, Metroxylon rumphii and Phytelephas macrocarpa. • 

An incomplete ring of pigmented cells, containing tannin, is seen in the inner 
cortex. This was not observed by Drabble (1904). The stele here consists of 
36 arches of xylem and phloem. The protoxylem cells get thickened before the 
metaxylem (see Cheadle, 1943o). The vessls are spread centrifugally. The large 
scattered vessels appear first, followed by smaller metaxylem cells and protoxylem. 
According to Buscalioni (1902) and Pirotta (1902), as cited by Drabble (1904), 
this is so in several other monocotyledons also. 

The phloem strands are slightly broader towards the central pith and taper 
towards pyricycle. They lie in a single series alternating with xylem strands. 
The endodermis and pericycle are similar to those in larger roots. Generally one 
medullary bundle of hydrocentric type is present in the central pith. It consists 
of a metaxylem cell surrounded by phloem ring and lignified conjunctive tissue. 
Several such medullary bundles have been reported in the central pith of root in 
this species by d’ Almeida and Correa (1949), though Drabble (1904) had not Seen 
them in this species. 

PJioenix zeylanim Trimen 

This date palm is common in moist places in Ceylon. 

A transverse section of aerial portion of an adventitious root is circular, about 
7.680 mms. in diameter in the middle part (Fig. 4). The outer-most limiting layer 
has no hairs. Its cells are lignified and have dark contents as in P. sylvesirui. 
Below it lies lignified hypodermis followed by a large cortex with thin-walled 
rounded cells and fibre bundles of the Phoenix-type. 

The air-spaces in the middle cortex lie in 2-3 rows. Raphide sacs, tannin 
and mucilage cells are also present as in P. sylvestria. The ring of pigment cells 
in the inner cortex is incomplete. The endodermis and pericycle are similar to 
those in P. sylvestria. 

The stele consists of 47 arches of xylem and phloem radially placed in thin- 
walled conjunctive parenchyma. The remaining part of conjunctive parenchyma 
is lignified. The phloem strand is elongated, slender and conical. It is narrower 
and longer than P. sylvestria. 

The central pith, 1.040 tpm. wide, is made up of thin-walled, round cells with 
three medullary bundles. Each medullary bundle has a large xylem vessel in the 
centre, and a few protoxylem vessels along the large ones. Drabble (1904) and 
Haberlandt (1914) had not seen them in their material. 
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The exact nature and function of the medullary bundles is controversial. 
Drabble (1904) is of opinion that some of the more internal procambial strands which 
do not enter into the fibrous ring of conjunctive prenchyma during development, 
persist only as medullary strands, each presenting proximally a radial structure 
with xylem and phloem developed well hut reduced distally. Thus we find : 
(1) strands containing only a few xylem vessels accompanied by one or more phloem 
grou|)H, or (2) one or two large vessels with a fevr smaller ones unaccompanied by 
phloem, or (3) a single large xylem vessel without a smaller vessel or phloem. The 
last mentioned two types are more common in Phoenix, 

Habcrlandt (1914) is of opinion that the medullary bundles occur as accessory 
Htrands within the primary central vascular cylinder of a root and sefve in the 
first instance in transportation of material to the whole length of that organ, at 
any rate over a considerable distance of it. 


Phoenix rnplcola T. Anders. 

The slender stern of this most handsome species has no girdle of aerial roots 
as in two previous species. Ft grows on rocks in Sikkim Himalayas, Assam and 
Mishmi Hills. 

A transverse section ot an underground adventitious root, about 7.120 mms. 
in diameter, has epiblerna and hypodermis as in P, aylvesiris (Fig. 5). The cortex 
consists of thin-walled round cells with fibre bundles of the Phoenix type. Air 
<*avitieH in the middl(‘ cortex are arranged in 2—3 roAvs. Raphide sacs, tannin and 
mueilagt* cells arc also present in the cortex. The ring of pigment cells in the 
inner corit x is incomplete. The circular stele has 43 arches of xylem and phloem, 
Kndodermis and pcricycle are as in P, aylveMria, The xylem strands are “V”- 
shaped, rm^taxylem b(ung embedded in the lignified conjunctive parenchyma. The 
(•entral [)ith, about 9fi0//, consists of thin- walled round cells with a few air cavities. 

Phoenix paludma Roxb. 


this sub-arboreous, gregarious palm grows on esturial shores from Bengal 
to Ihirma, and in Andaman Fslands. It forms a considerable portion of impene- 
tral)Je wocxls in Sundt^buns, Amherst, Moulmein, Penang, Siam and Cochin-China. 

A transverse section of an underground adventitious root, about 8.480 mms. 
Ill ( lanieter, has epiblerna and hypodermis as in P, aylvesiris, but hypodermis is 
comparatively narrow' (Figs. tV-7). * 

u, . * of thin-walled round cells with little intercellular 

'‘P of ‘“ghly elongated cells, 40/^x28/<, not seen 

S tl, ,^n 11 ^’"'^' ^''"dles are of Phoenix type. Raphide sacs, mucilage cells 

45lr^ ‘‘"d consists of 

The xvlem^au? ol Endodermis and pericycle are as in P. sylveMris. 

iunctive namnoK ^ r radially disposed, partly in thin- walled con- 

Lntral with Tw ^ i^r parenchyma is lignified. The 

molaxyleni cavitiel 12ra^^pJe^eir medullary bundles with 


Phoenix dactylifera Jj. 

of root-suck^l^ a^foo^above^the**^*^^^ surrounded by a dense mass 
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An*i^ro,!l^At ‘yp*. mpWde s»M, Uiuiin »1U aud mucilage 

cells. An incomplete ring of pigment cells is present in the inner cwtex. tL 

stele lias -5 arches of xylem and phloem radially disposed separated from each other 
by conjunctive parenchyma completely sclerosed nearly to t^ centre of the section 
(Pig. 8). A tew pa^ge cells are seen opposite the protoxylem groups in endoder- 
mis. According to Drabble (1904) no such passage cells occur in the underground 
region of the rwts iii this species. Occasionally xylem strands are “V’-shap^; 
v T' A 1 Phloem strands iu*e generally large, but when small, they 

he between the arms of ' V’-shaped xylem. The pith, 24U/< wide, consists of thin- 
walled round cells. No vessels getting abstricted in the pith as those awn by 
Cormack (1904) and Haberlandt (1914) were noticed here. 


('hummrops hnmilis L. Hort. 

Ihis Dwarf Fan Palm varying 5 '-15' in height, is the only palm indigenous 
to Europe and grows in countries bordering the Mediterranean Sea. 

A transverse section of underground portion of the root, about 4.b‘i0 mms. 
in (Uameter, has epiblema of thick-walled cells with dark contents (Fig. 9). Below 
it lies large fiypodermis of lignified cells and cortex of thin- walled round cells. Air- 
spaces in the middle cortex are arranged in *1-4 rows. Raphide sacs, tannin cells 
and mucilage cells are present in the cortex. An incomplete ring of stone cells 
and pigrnent cells occurs on the inner cortex. Endodermis is continuous, lignified 
and of “C”-type. Passage cells lie over the jn’otoxylem elements. Pericycle is 
one-layered. The stele has 36 arches of or “Y’^shaped, xylem, phloem 

hi their midst. The phloem strands are oval and elongated, their broad 
side lying towards the centre. The conjunctive tissue is thin-walled towards 
periphery but lignified towards the central pith, 240//. with round cells without 
air- cavities. 


Trachymrpus nmrtiatm H, Wendl. 

This tall slender palm of Central Himalayas, Eastern Kumaon and Upixjr 
Burma has a network of underground adventitious roots. 

A T.S. of old underground root measuring 6.960 mms. in diameter has a limit- 
ing layer as in the previous species (Fig. 10). There is a broad band of hypodermis 
having three distinct zones. The cortex consists of oval or round thin-walled 
cells and small triangular intercellular spaces. It also includes mucilage cells and 
numerous raphide sacs. A complete wavy sheath of sclerenchma surrounds endo- 
dermis of the “C'’-type. One-layered pericycle is lignified over the phloem strands 
but is imlignified over the protoxylem strands. The stele is 35-arched. Xylem 
and phloem strands lie radially, separated by sclerosed conjunctive tissue* The 
xylem groups are ‘T’'- or “V’'-shaped, with phloem strands lying in between them. 
The innermost cells of the xylem strands, sometimes separated by a row of lignified 
parenchyma, are very large and they form a conspicuous row of cells below the 
regular metaxylem cells. Central pith measures 640/4, its cells being thin- walled 
and round. Air cavities, mucilage cells and tannin cells occur in it. 

Rfuipis flahelliformis Ait-Hort. 

This Dwarf Ground Rattan, with stem 5-6' high and as thick as thumb, is 
ensheathed by reticulate persistent bases of oldern leaves. It is native of South 
China and Loochoo and is cultivated in many parts of India and Europe. 

A T.S. of the underground root is about 3.290 m.ms. in diameter. Its limiting 
layer and hypodermis are lignified. A few raphide sacs and mucilage cells are 
present (Figs. 11, 12). The portex has oval or round, thin-walled cells with inter- 
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(ellular f^pace^*. I’he air cavities are arranged in 1-2 rows. Endodermis is of 
and jMrricycie one-layered. The stele consists of 55 arches, xylem and 
plilcH-m lying ofi Hc?])Arate radii. A few large metaxylem cells lie apart from proto- 
xyleni ccntiipetally. Whole of the vascular tissue lies in a sclerotic ring of con- 
junctive tissue and is zig-zag in outline internally. Xyleni strands are ‘T’'-, ‘"V”- 
or ‘ Y’ -shnped, ])hloein lying in their midst. The central part of the root is occupied 
hy unlignilied pith, 1.280/^ with raphide sacs, and 8~9 medullary bundles having 
nietaxylein ravities (Fig. 12) : a few of them even touch the sclerotic ring of con- 
junctive pan^nchyrna. The central pith has no air cavities. 


Coriipha innhrdculipn'a L. 

This Talipot Palm 8'-16' high with large palmate leaves is common in Ceylon 
and Malabar coast. According to Drabble (1904), there are two types of roots in 
this HjMMtics : (1) Large contractile roots with transverse wrinkles on outer surface of 
tfie whole root and (2) non-contractile roots. Both these roots were examined, 
but tlu\y showed very little variation in their internal structure. The present 
study describes uon-(‘ontraetile roots. 

A T.S. of an underground !U)n-(*ontractile adventitious root, about 11.680 mms. 
in diametir, lias 40// epiblema made up of lignified cells with dark contents 
(Figs. l:i -20). l^argc hypodermis of lignified cells adds to the mechanical strength. 
Air cavities in the cortex are arranged in 7 -8 rows, and fibre bundles of PhoenLv 
type occur in the (ortex (Figs. I:i-19). Raphide sacs (Fig. 19), tannin cells and 
mucilage cells are also pr(*sent. There is an incomplete ring of pigment cells in 
the inner cortex (Fig. 2t)). The central vascular cylinder is highly elaborate, con- 
sisting of one layertxl endodermis with Russow's '*C’'-type of thickening (Fig. 20). 
IVricycle is one- layered. The stele consists of 55 arches. Xylem and phloem are 
embedded in the (onjunctive tissue which is thin-walled towards the outer side 
and lignified partly below (Fig. 20). Xylem strands are I-shaped. Phloem strands 
are solitary, or at places split into two longitudinally or transversely, and are 
bridged by (‘onjnnctive sclerenc hyma (Fig. 13). The pith, 5.760 mins, in diameter 
consists of fairly large cells, l60x96/<, with eompeact 70 medullary bundles of 
different kinds. Of these, 18 medullary bundles were leptocentric (Fig. 18), their 
phloem having been surrounded by conjunctive tissue. A few of the phloem 
Imndles were fused (Fig. 16). 46 medullary bundles were hydrocentric (Fig. 14), 

each with a xylem strand in the centre surrounded by a ring of phloem and con- 
junctive tissue outside. A few bundles of this type also were fused (Fig. 15). 
The remaining 6 medullery bundles were compound; the leptocentric and hydro- 
('eutri<^ bundles having been fused together (Fig. 17). Besides these bundles fibre 
bundles ot Arrm type ar(^ present in tlie pith (Fig. 13). The fibres were generally 
collected in masses of irregular shape. They, were short. Their walls were thin 
and lumen large. Drabble (1904) noticed the same in Kentia, Areca, and Cyrlos- 
fachys. In addition to these Chrysalidocarpus lutescens, Hoicea belmoreana and 
Arch onto phoenix cunniHghamii also have .i4reca-type of fibres. Air cavities were 
pi-esent in the pith. Drabble (1904) who had described this species had not noticed 
different kinds of medullary bundles or the fibre bundles. 


Licudla pcltata Roxb. 


r c P<^rtion of this gregariously growing palm is marked with the scars 

ot fa len leaves. It is common in Sikkim, Assam, Burma, Andaman Islands and 
IS cultivated m gardens. 


V ®' ««fl®rground root is about 3.808 mms.‘in diameter, with a limiting 
layer having thick-nalled tabular cells as those in exodermis (Figs, 21, 22). Hypo- 
derrols is broad consisting of three zones. The outer and inner zones have lignS 
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cells but the middle one is thiu-walled (Fig, 22), The cortex has two types of 
cells: oval, round, thin^walled cells, 48 x 43/1, and thin- walled, elongated ceUs. 
I60x 100/4. Air cavities are arranged in 2—3 rows. They are elliptical and lysigu* 
ously formed. An incomplete ring of sclereids and pigment cells are present on 
the inner cortex (Fig. 31). Several rahide sacs, mucilage and tannin cells occur 
in the cortex. Endodermal cells are of “G’’-type. Pericyele is highly conspicuous 
being interrupted by thin-walled colls near protoxylem strands. ^37 arche^ of 
xylem and phloem ‘T’’- or "‘V^’-shaped lie radially in a sclerotic ring of conjunctive 
tissue. The central pith, 400x800/4 makes several incursions into the conjunctive 
parenchyma, and has a single medullary bundle of liydrocentric t\ }K\ 

Licuala yrandis H. Wendl. 

This palm of New Britain is introduced in Indian gardens. 

An underground root of this palm is 5.360 mms. in diameter in the middle. 
Its epiblema is similar to that of L, peltata (Fig. 23). Hypodermis is lignified and 
has two equal parts : the outer with dark contents and inner without tliem. Tlu^ 
cortex is made up of oval, thin-walled cells, and 2-3 rows of air-cavities. An 
incomplete ring of sclereids and pigment cells are present in tlie inner cortex. 
Raphide sacs, mucilage cells and tannin cells oc(!ur throughout the cortex. The 
stele consists of about 36 arches of xylem and phloeip. The endodermal cells are 
of ‘*C”-type without any passage cells. Pericy(?le is (completely lignified. Xylem 
and phloem strands lie on different radii in the sclerosed conjunctive tissue. Large 
metaxylem cells lie in its ridges with no thin- walled parencdiyma around them. 
In thicker roots phloem strands are like those in O. unibraculifera and are arranged 
in two series with large and small phloem strands. The central pith is 1.792 mms. 
and has 7 or 8 medullary bundles each having metaxylem cavities. A few raphide 
sacs, mucilage cells aiui air cavities are also present in the pith. Some of the 
medullary bundles lie close to the ring of conjimctivo parenchyma and form com- 
pound medullary bundles. 

Livistona chinensis T. Br. 

. This Livistona species common in China and Japan is cultivated in India. 

A transverse section of an underground root, about 8.800 mms. in diameter, 
has a thick-walled limiting layer (Figs. 24, 25), often exfoliated (Drabble, 1904). 
Hypodermis consists of three zones as in P. sylvestris and L. peltata. The cortex 
consists of thin-walled round cells traversed by 2-3 rows of spindle-shaped lysigne- 
ous air cavities. A few raphide sacs, mucilage and tannin cells are present in 
the cortex. In older roots, slightly thicker, parenchymatous cells get lignified 
here and there. An incomplete ring of sclereids and pigment cells are present 
in the inner cortex. The endodermis and pericyele are as in the last species. About 
56 arches of “I”- or “V^’-shaped xylem alternate with i)hloem in lignified con- 
junctive tissue. The “V^-shap^ xylem strands have large metaxylem cells towards 
pith, their arms extending towards the pericyele. Phloem is generally included in 
the form of ‘‘V” of xylem or may remain as a distinct strand if xylem is '‘I”-shaped. 
The central pith 2.080 mm. in diameter, consists of thin-walled round cells and 
has two medullary bundles of hydrocentric type unlike those in L. grandis. Air 
cavities and sclereids are also present in the central pith. Drabble (1904) has 
described this root but did not notice the presence of sclereids in the cortex and 
pith. 

Sahal adarisonii Guers. 

This Dwarf stemless b^abal bccurs in low humid forests and in inundated areas 
on sea-shore and sandy soil in south eastern part of the United States, 
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A traniiverse section of adult underground root, about 6.080 mms. in diameter, 
has epiWema, hypodermis and cortex as in L. grandis excepting that the cortical 
air-cavities are arranged in 3-4 rows (Pig. 26). There is a single incomplete ring 
of pignietjt cells in the inner cortex. Raphide sacs, tannin cells and mucilage cells 
are as i»» the last species. Endodermis is one-layered, with “C”-type of thicken- 
ing. Pericyele is also one-layered. The stele consists of 3.3 arches of xylem and 
phloem. Xylem strands are“ I”- or “V”.shaped, but the phloem strands lie in one 
series united at places by their lower ends to form “M”-shaped structure enclosing a 
small xylem strand between their arms. The presence of “U”-shaped phloem 
.strand, fibre bundles of A rem-type and meriullary bundles have not been mentioned 
by Drabbl.' (1904) who had described it before. The phloem strands lie in one 
series. I’he central pith 640x.'»F2/i consists of thin- walled round cells. A few 
fibre biindh-s of ,4rcw»-type and 1-2 medullary bundles with mctaxylem cavities 
are prestml in the central pith. At places the fibre bundles are fused with medullary 
bundles. .\ir cavities are also j)re8ent in the central pith. 

Satml Mf-rrulfiltt, Pt Scliultz 

A tmnsyerso scplion of an adult underground root of this cultivated species is 
7.040 mms. in diameter. Kpiblema, hypodermis and cortex are similar to those 
in SafMtl adunmnti. 'I'he air cavities, however, are arranged in 2-3 rows in the 
<iortex (Kig. >7). Raphide sec.s. mucilage and tannin celts are present in the cortex 
Cells in the inner cortex aie thin-walled and transversely elongated. There is an 
incomplete ring of pigment cells in the inner cortex. The central vascular cylinder 
and pith an- similar to those in the last species, the stele having 23 arches of xylem 
and pbl.K-m lying radially in tliin-walled eonjiinctive parenchyma. The central 
pith, 4S0/1, consists of tliin-wallod round cells and has a few solereids here and 
there. 


Hlfphmvi' indlicn H<‘ce, 

A transverse section of ail adult underground root of this dichotomously 
branched Indian I oiim Palm is about 9.600 m.ms. in diameter. Epiblema is 
hgiufied and has dark contents (Fig. 28). Hypodermis is also lignified. The 
cortex .-onsists <fftt-"»vllcd round colls with 1-2 rounds of air cavities in the 
middle (-ortex. h dm- bundles ol Phornir type arc present throughout the cortex. 
An iiuoinplete ring of pigment cells is present in the inner cortex. The raphide 

stde tonsist.s o 4 luehe.s of xylem and phloem radiaUy dispo.sed in the coniunctivc 

(^n^afudh "vv* the periphery and lignified towards the 

Z d 8 v4t.; “V’'-«haped. The large phloem strands 

Hboiit 48 // Ho ill ^ xylem strands. Small phloem strands, 

Sis a(e i ran^ the arms of “V''-shaped strands. At places phloem 

iMtiiniu nr.tchaffeltii Is>main>. 

\*T S**!*n Rwhigues Island is cultivated in India, 

diameter' and hi!]*eifiblemTwi?rH ""I*” u'^fierground root is about 9,960 ra.ms. in 
Air cav^tierin Sc corteTare Hypodermis is lignified (Fig. 29). 

but a largo number of sclereids are pre-ientXoir 8 ‘"t n.® 

ring of sclereids and nitfment ^l^roughout the cortex. An incomplete 

i„ tho m,,., corta. The Steto 

cbym«. Endodcrmiii is if tlio "O’Mvtc pareii- 

tjpe and pericyele is one-Iayered. Xylem 



PART IV^ANATOMV OW PALM ROOTS 


88 

strands are “I’*- or “V-shaped. Large phloem strands lie by the side of 
shaped xylem, smaller strands lying in the arms of “V”-shaped xylem. The 
central pith, about 600//, consists of thin walled round cells and has sclereids scattewt 
in it. 

A T.S. of the distal part of a root about 10.880 in.ms. in diameter has epibletna, 
hypodermis and cortex as in the last species but air cavities are arrangea in 2-4J 
i*ows (Fig. 30). Raphide sacs, tannin and mucilage cells and sclereids are also 
present. The sclereids form a complete ring in the inner cortex. The stele consists 
of 43 arches of xylem and phloem embedded in the conjunctive tissue, but hero 
and theriC phloem strands are “U“-shaped. The xylem strands have metaxylem 
extended more towards central pith and are “Y'’-8]iapc^d. The central pith, 
about 1040/^, consists of thin-walled round cells without any medullary bundles. 
A few air-eavities are present in it. 


Bormsm flabeUifer Linn. 

The’ roots of Palmyra palm are very long, some times oO' or more. Portion 
of trunk near the ground has a dense mass of long rootlets. 

A T.S. of an aerial adventitious root, about 7.360 m.ms. in diameter, has a 
thick-walled lignified layer, below which lies a thin-band of hypodermis made up 
of polygonal lignified cells, filled with a dark brown substance (Mg. 31). The 
cortex ivS made up of oval or round, thin- walled cells with small triangular inter- 
cellular spaces. Air cavities in the middle cortex are irregularly arranged in 
1-2 rows. Many sclereids, raphide sacs, mucilage cells and tannin cells occur in 
the outer and inner cortex. A complete ring of sclereids and an incomplete ring 
of pigment cells are present in the inner (M)rtex. The stele consists of 47 arches 
of xylem and phloem. Pericycle is double and the radial vails of endodemis 
are thickened due to Casparian bands. Below pericycle is a distinct band of 
walled conjunctive parenchyma in which xylem and phloem strands lie radially 
immediately below pericycle. Another row of phloem strands alternating with 
large metaxylem cells follows them, and then there is a zone of lignified eonjimctivo 
parenchyma, zig-zag in outline towards the central pith. It includes a ffjw large 
xylem strands which appear to be abstricted in the pith later. The central part 
of root about 1200//, is occupied by an irregular patch of parenchyma enclosing 
one or two medullary bundles having metaxylem cavity. A few air cavities are 
present in the central pith. 


Calamus tenuis Roxb. 

This climbering species of Tropical Himalayas, Bengal, Assam, Burma, and 
Cochin-China, has very long roots. A T.S. of an underground root is ^bout 
5520 m.ms. in diameter (Figs. 32). The cells of epiblema are large and radially 
arranged, their walls being highly culticularised. Hypodermis is up ot 

lignified cells of which the outer 7-8 layers are very compact and are hUed witn 
a dark substance. The inner lignified cells are empty. The outer 
few raphide sacs; the middle cortex has air cavities lying m 1-2 
complete ring of pigment cells is pre^nt in the inner cortex. 
mucilage and tannin cells lie scattered throughout the ojjrtex. 
are radially elongated and are thickened on all sides. ^ 

type of endodermal cells of Russowr Pericycle is two-Iaycred. The 
of 42 arches of xylem and phloem radially arranged, 

or “V^-shaped. Phloem is generally included in the fork of V or ^ 

side. The apex of “V’’ is formed by a very large 

sclerosed" conjunctive tissue, fjome ol the cavities of the intrti 

are either completely blocked or partially obliterated by W^er-sha^m^^ 
sions, the tylosis. The central pitfi is large, 1680//, and has thm-walled rounded 
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cells cnckMjing H-1 medullary bundles each with a metaxylem cavity only. Fused 
medullary bundles, a few raphide sacs and tannin cells are also seen in the central 
pith. 

Calamu/f ratamj L, 

A T.S. of an underground root of this Indian cane palm is about 5.520 m.ms. 
in (lianietcr. Epiblema, hypodermis and cortex are similar to those in the last 
s{)ccie8, except that air cavities in the middle cortex are large (Fig. 33). Raphide 
sacs, mucilage and tannin cells and an incomplete ring of pigment cells are present 
as in this sptM ies also. 'Fhe stele has 37 arches of xylem and phloem. The vascular 
cylinder is similar to that in the last species. The central pith is 960/^. It is 
without medullary bundles, due tf) the fact that some of the large metaxylem cells 
in the conjunctive parenchyma extend so deep towards the central pith, that they 
look as if th(y are protuberances of the conjunctive parenchyma; but here they 
are not abstri(‘tcd from it in the (tentral pith as medullary ‘bundles. The pith cells 
arc thin-wall(Mi parenchyma. A few raphide and mucilage cells occur in them. 


rar/yo/u wreas Ji. 

This Kish-tail palm is found in sub-Himalayan tracts, Assam, Upper Burma 
and in twergrt^eui forests of Konkan, Kanara and Ceylon. 

A T.S. of an underground portion of root, about 4 m.ms. in diameter, has large 
squarish lignilied cells in tlie limiting layer and a broad band of lignified hypo- 
dormis tilled with dark-brown contents (Fig. 34, 35). The cortex consists of thin- 
walled round cells with small triangular spaces and 3-4 rows of vspindle -shaped 
or oval air cavities in the middle. Fibre bundles of Phoenix type with steginata 
are pres(*nt throughout the cortex. Several raphide sacs and a few mucilage and 
tannin cells are also present, Endoderrnis is one-layered conforming to the ‘‘0”- 
type of Russow. IVricycle is one-layered made up of large cells. About 37 strands 
of xyUun and phhxim are radially arranged in a highly sclerotic ring of conjunctive 
pareiu4iyma extending from pericycle to centre in several layers. Xylem consists 
of H largi' nuUaxylem cell around which lie 1-2 secondary xylem and protoxylein 
cells. IMdoem strands are more or less circular. Some of the large metaxylem 
cells lie deep in tlie interior in conjunctive parenchyma abutting on the central 
pith, nearly ISO ^ 329/^ It consists of round thin-walled cells with raphides sacs, 
and air cavities here and there. Only one medullary bundle of hydrocentric type 
is seen in it. 

Caryota mitiM Lour. 

A T.S, ot an adult root, about 7,040 m.ms. in diameter, of this elegant sj)ecies 
ioimd in Ihirma, Malaya, IVnang, Andaman Islands, is similar to that of (\ urens 
(Figs. 30, 37). Epiblema, hypodermis, fibre bundles and cortex are similar to 
those in that s|)ecies except that the air cavities lie in 2-3 rows and are larger. 
Then? is a complete ring of stone (;ells in the inner cortex. Raphide sacs, mucilage 
and tanniu c(‘lls are as in (\ urens. The central vascular cylinder is also similar 
to that in it. but the pericycle is two-layered (Fig. 37). The stele consists of 38 
iirches of xylem and phloem strands. Many metaxylem cells lie in the conjunctive 
parendiyina extended towards the central pith. The central pith nearly 1120/t 
has air cavities and one meilullary bundle of hydrocentric type. 

Ch f^ysulidoeurpus I utesce. ns H. Wendl. 

palm, ouuimuu in Ma<lagascar and Bourbon laland is often 

cultivatt'd m India. 
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A T.S. of an aerial portion of an adveutitioiia root, abont 7.760 m.ms. in dia- 
meter, has epiblema with dark contents. Lignified hypodermis has also dark 
contents (Fig. 38). The cortex has thin-waUe<l round cells and 2-3 rows of small 
air cavities. A large number of fibre bundles of Arccw type are present in the 
cortex. A few sclereids, raphide sacs, mucilage and tannin cells are also present 
in it. An incomplete ring of pigment cells and large fibre bundles are present in 
the outer cortex. Endodermis is of the “C’-type; pericycle is double. The stele 
is circular in young underground parts but is thrown into folds later as in Area* sp. 
described by Drabble (1904). There are about 84 xylem and phloem strands, 
some of which are “V’-shaped and others “I”-8hapcd. If the xylem arch is “V”- 
shaped, phloem lies in the fork of “V” of xylem. At the apex' of the arch there 
is generally a large cell or two of metaxylera surroundetl by thin- walled parenchyma. 
The stele lies iri a much inwardly convoluted conjunctive parenchyma. i:k)me of 
the convolutions on the inner side of the sclerotic parenchyma include metaxylem 
cells, which protrude in the central pith and are out off later as medullary bundles. 
This is especially noticeable where the ring of pith becomes convoluted and looks 
as if it is going to break. The splitting up of stelar ring below a depression is 
achieved in two ways : by pushing a phloem strand down below the notch or by 
the fusion of two protoxylem groups of two adjacent xylem strands into an inverted 
“V” of xylem as described by Drabble (1904). In other cases the same result was 
achieved by pushing the xylem strand into conjunctive tissues, two adjacent 
phloem strands fusing into an inverted “V” of phloem, below which lies a xylem 
strand or sometimes a phloem patch. This method of breaking up of the stele 
by pushing xylem strand into pith and consequent fusion of the phloem strands 
to form a polystelic condition has not been described by Drabble (1904) in his 
material. Should this process of breaking and separation of vaAcular bundles 
continue, it will ultimately result in a jxdystelic condition described by Cormack 
(1896) and Drabble (1904) in species of Areca, But no such polystelic condition 
was noticed here. The central pith in a root is 2560/4, and thin-walled. Fibre 
bundles of Areca type and air cavities are also present in the pith. 3-4 medullary 
bundles of hydrocentric type are present in the pith. A condition somewhat similar 
to one described here is known to exist in the roots of Areca, caUchu, ArcAcWto- 
phoenix cunninghamii, Howen helmoreana, Dypsie rnadagascnriensin, etc. 

Hyophorbe amaricaulis Mart. 

In this palm of Mauritius the underground roots are large and thick. A T.S* 
is about 7.920 m.ms. in diameter, and has epiblema, hypodermis and cortical cells 
similar to those in C. lulesceiis, except that the air cavities in it are arranged in 
2-3 rows (Fig. 39). Numerous sclereids are present in the cortex (Fig. 41). Baplpde 
sacs, mucilage and tannin cells are also present. A complete ring of sclereids and 
pigment cells are present in the inner cortex. The stele consists of 43 arches of 
xylem and phloem. The central vascular cylinder has single-layered endodermis 
and two-layered pericycle. The xylem strands are “I”- or “V’-shaped. The 
phloem strands are situated in the arms of “V”-8baped xylem while the larger 
phloem strands lie by the side of xylem. The conjunctive tissue is highly lobed 
towards the central pith, 1350/<. Sclereids and fibre bundles of Areca and 

one medullary bundle with a metaxylem cavity are present in the pith (Mg. 40). 

A T,S. in the distal part of a root, 14.080 m.ms. in diameter has epiblema, 
hypodermis and cortex similar to that in the last species (Fig. 42), Air cavities 
are arranged in 6-7 rows. Sclereids (Fig. 41), raphide sacs, mnedage and tannin 
cells are also present in the cortex. A complete ring of sclereids is present in the 
inner cortex. The stele oondsts of 87 arches of xylem and phloemt The eenttal 
vascuhM* cylinder is irregularly circular. The central pith, d4^/r, conidsts of thin- 
walled round cells. Here and there elongated cells are present to the central j^ih. 
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There are a« many a« 16 medullary bundlea with metaxylem cavities. At places 
they arc fused by their conjunctive parenchyma. Drabble (1904) while describing 
this species does not mention the prc.sence of elongated cells in the pith or the fibre 
bundles of Arera-iifpe. 

Oreodoxa regia Kuntb. 

In this widely cultivated Jamaican plam, a T.S. of an adult root, 6.080 m.ms. 
in diameter, is circular and has a single layer of square lignified cells of limiting 
layer (Fig. 4:1). Hypnlermis is very extensive, differentiated into three zones. 
The outer lignified zone with polygonal cells is filled with dark contents; below this 
lies the middle zone (if iinlignified cells without any (jontents but with raphides, 
and the inner zone of lignified cells also having raphide sacs. The cortex consists 
of thin-walled round parenchyma with intercellular spaces. Air cavities in the 
middle (cortex ar(i large and radially elongated. The inner cortex consists of a 
continuous wavy ring of stom; (^ells and :i lay.^rs of oval elongated parenchyma 
abutting on^ the enclodcrmis. An incomplete ring of pigment cells in the inner 
(!ortex, raphide .sacs, mucilage and tannin cells are also present in the cortex. The 
endixlermis is o( “U” type and pericycle is one-layered. About 39 arches of 
.xylem and i.hlo(>m are present and lie radially in the sclerosed conjunctive paren- 
(d>yma extending nearly to the centre of the root. Xylem strands are arranged 
m V - or I -shaped manner including phloem and have large lignified cells at 
their ajwx lying centripetally. The central pith, 800/4, is star-shaped and has a 
few raphide sacs and mucilage cells. Drabble (1904) has described medullary 
strands in this species but they were not seen in the present material 

Nimetimes some of (he adventitious roots arising from pericycle at a higher 
level in the root-bearing region of the tree trunk penetrate downwards in the 
cortex, probe into tissues of another rinit, also going down in the cortex, and the 
two together emerge from the stem and enter soil as a conjoint root. 

(.ases of two or more roots traversing the cortex of an older root were also seen, 
huch confluence of roots going down the cortex is (juite common in plains and in 
monocots such as Asphodelus tenuifolinn and in .some Leguminowae. Similar root 
structure having roots within roots was seen in Phoenix sylvestris, Iloma (Kentia) 
horntermm. etc., and to the liest of our knowh'dge has not been described so far. 

Howm liehnorfaiia Rooo, 

'*'* 1 "'^ P«hn from Lord Howe's Island is cultivated in India. A T.S. of an under- 
ground advent itioiis root, about 6.720x6.840 m.ms. has lignified limiting layer 

platei^trc^^^Zred^'^' S’ ‘-ottsists of thin-walled oval cells, ^but^at 

andt ^ extensive 

Fibre biiiHile« f 1 shaped 1-2 rows of air cavities lysignously formed. 

around fihro Ki ii throughout the cortex. The stegmata are present 

pigment cells form ^I’n «w™erous sclereids occur in the cortex. Sclereids and 
fnVunVnmts^^h r the inner cortex. The stele is complete 

oh/ma i5 Sdd ’ the cortical paren- 

dt many the stele is broken 

to IvL nf ^ Endodermis is one-layered, its cells belong 

to w ”" ‘“'“f r“*- T*** “““““‘y «f endows 

and sclereids. The stele "^consists parenchyma between endodermis 

Phloem strands in the 8^1^^! ^ ^ strands, 

oooiua. is dS in o t^ ^tmE spl t in a particular phloem strand 

pWoeii stranriirrUX rtwo«r xylem and 

r- raaiaiiy in sclerotic conjunctive parenchyma and are much 
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lobed internally. The xylem groups are single and ' F*- or 'V’^-shaped. Some- 
times phloem strands occur in two series lying in the eonjiuietive parenohymft* 
l^condary xylem cells form the base of “V^''-shaped xylem strands and lie far away 
from the sub-pericyclar xylem strands. They are surrounded by a layer of lignified 
parenchyma, the cells of which aie rather small. The central pak of root is occupied 
by pith about 2640x2b80/<. Fibl^e bundles of .^rrca-type, sclereids, raphide sacs 
and occasionally a medullary bundle, are seen in it. A few air cavities and mucilage 
( ells are also present in the central pith. The roots of this species resemble strongly 
with those of Dypsi/i ma(lu(jascan*^n^'ii>t and ( 'yri(hitarh ps rendah cleHcribed by 
Drabble (Hld4}. 

Cyriofitachys rendah Rl. 

This Sumatran gregarious palm has underground root, about 5.360 m.m, in 
diameter. Its main features are similar to those of IL Belmoreana. Epiblema, 
hypoderinis and cortex are similar in them but the cortical cells are thin- walled 
and round (Fig. 45). Air cavities raphide sacs, tannin and mucilage cells are also 
similar. A large number of fibre bundles of .4r6m-type and sclereids are present 
in the cortex. The stele consists of 35 arches of xylem and phloem. The centra) 
vascular cylinder is circular. Endodermis is one-layered and its cells belong to 

type of Russow. Pericycle is also one-layered. The xylem strands are I - 
or ‘'V”-shaped with large metaxylem cells pointing towards pith. Phloem strands 
of two types are arranged in two series. Smaller ones, 52 x 36/i, and larger ones 
220x20/^, alternate regularly with xylem strands. This type of phloem arrange- 
ment was not observed by Drabble (1904) in this species. The conjunctive paren- 
chyma in older roots is completely lignified and lobed towards the centre. Two 
types of medullary bundles are present in the pith. Two of the medullary bundles 
have only metaxylem cavity and are hydrocentric, while the other two are lepto- 
centric. The central pith, 1680//, has air cavities, fibre bundles of Areca typtN 
sclereids and a few mucilage cells. Drabble (1904) in his description has mentioned 
that in largo roots, the conjunctive parenchyma is incomplete on one side and its 
incurved edges are followed by endodermis more deep than usual. The endodermi'*^ 
is, however, finally lost in the common ground tissue. He also observed projecting 
bays of fibrous tissue together with a phloem strand. 

Archontophoenix Cunninghamii W. & Dr. 

This Australian palm common in Queensland, Sunday Island, Rockhampton, 
N. S. Wales, Illowara and Woolongong has adventitious r/jots about 5.230 m.ms. 
in diameter. It is circular in outline and has a single limiting layer of square, 
lignified cells (Pig. 46). Hypodermis is very extensive and is differentiated into 
three zones. The outer lignified zone has polygonal cells filled with dark contents. 
Middle zone with 5-6 layers of cells has less contents, and the third inner zone ha^ 
lignified cells without any cell contents. The cortex consists of round thin-wmiM 
cells. The cells are compactly arranged in the outer cortex and have a few raphide 
sacs, mucilage and tamiin cells, and fibre bundles of ArecaAype, The fibre bundl^ 
are surrounded by stegmata. A few sclereids are also present in it. The middle 
cortex is made up of thin- walled parenchyma in which large radially elongated 
air cavities lie in 2-4 rows. Mucilage cells, a few sclereids and fibre bundles are 
also present in it. The inner cortex has a structure similar to that of outer cortex 
but the parenchymatous cells have small intercellular spaces. The stele consists 
of 36 arches of xylem and phloem. Endodermis is of “C** type, and j^ricycle is 
one-layered. Xylem strands are ‘T’’- or ‘‘V”-shaped. The conjunctive 
chyme is sclerosed and highly convoluted towards the central pith, 1200//^ 
and thin- walled. A few raphide sacs, mucilage cells, sclereids and fibre btindlefe 
of Areca-type occur in it but there are no medullary bundles. 
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The distal part of the root measures LlOO m.m. in diameter and has a similar 
stnieture: but the stele is irregtdar and has notches. Tt also shows signs of breaking 
optmasin Hotma Relmormm. At places xylem is exarch in the vascular cylinder 
and at other places endarch (Pig. 47). 

There is one hydroeentric type of medullary bundle in the central pith. Xylem 
strand in the medullary bnndh^s has large inetaxylcm cells and a few of proto- 
xylem (Fig. 51). 

The distal part of the same root, about 12..‘i20x 10.720 m.nis. in diameter, 
has simitar cpibliuna and hypoderniis, but the epiblema is broken up at places by 
thin- walled Hpongy tissiu* with distiiu^t intercellular spaces forming pnewraathodes. 
The cortex consists of thin- walled nuind cells, but at places strips of elongated 
cells run iiTegularly in th(^ cortex. 1'he elongated cells measure 240x60//. Air 
(’avities are large and arc arranged in 2 -3 rows. ^4rr.m-type (Jif fibre bundles, 
Hcler/ud.s, mucilage cc^lls and tannin cells are also present. Endoderrais and peri- 
cycle arc as before. 1'hc stele breaks to form a polystele. The xylem and phloem 
strands in each stele arc radially disposed in lignified conjunctive tissue. The 
xylem strands an* “P - nr *‘V”-shapcd, exarch or endarch here and there. Some 
phliHur) strands arc* small and some are large, arranged at places in two series. 
They arc "IV - or “V”-shaped and are normally oriented or inverted. Wherever 
a phloem strand becomes “ir ’- or ‘‘V”-shaped, it indicates a point at which the 
stole breaks as in //, Bdinormna. Due to polystely, ground tissues of the central 
pith and c^irtcx l)ecom(* continuous and numerous fibre bundles of ^reca-type, 
Kclereids, strijvs of elongated tissue, air cavities, mucilage cells and raphide sacs 
occur in them. In tlic central pith, 4320//, diiferent types of medullary bundles 
are present. One or two medullary bundles have a metaxylem cell only (Fig. 47). 
Others have metaxylem (cIls and a few protoxylem cells (Fig. 51). In the third 
type protoxylem lies on both the sides of a metaxylem cell. (Fig. 47). In the 
fourth type* tliere are distinct xylem and phloem strands. Metaxylem in such 
xylem strands lies in the centre, and protoxylem lies either centripetally or 
centrifugally. Three phloem strands lie under a common sheatli and the whole 
structure looks lik(^ a small stele (Fig. 49). 


Arfca catechu L. 

The Betel Xut Palm has large pull roots. A T.H. in the proximal part of an 
JulvtMditious root is 9.32tt m.m. in diameter and has one-layered piliferous layer 
with lignified, sejuare cells. Below it lies lignified hypodermis differentiated into 
two parts,--the outer tilled with dark brown contents, and the inner without them 
(rig. 52). The middle cortex is very extensive having an outer region in which 
numerous small irregular, round fibre-bundles of ^rcca-type are closely packed, 
and an inner region in which very large fibre bundles lie scattered apart' (Fig. 55). 
4.-3 senes ot large lysignoiis air-cavities occur in it and abut on the inner cortex. 
A broken ring of sclereids and an incomplete ring of pigment cells occur in the 
inner cortex. Besides tliis a number of sclereids are scattered between fibre bundles 
t roughout tlie cortex. Raphide sacs are numerous and a few mucilage cells are 
present m the cortex. The endoderraal cells belong to “C’’ type and are followed 
by one layer of large pericycle cells. According to Drabble (1904) pericycle is 
wo-layered m small roots. The stele consists of 80-90 arches of xylem and 
p oem and lies in a continuous mass of conjunctive, thick- walled, lignified paren- 
c yma. t is thremm into rays or bays enclosing islands of xylem and phloem 

“V”-8haped. Each xylem 
in radial plates and terminates in a relatively 
E cell which constitutes the apex of “V”-shaped xylem strand. 

f, Completely included in the sclerosed conjunctive 
parenchyma. They generally have a single layer of thin-waUed/ unlignified paren- 
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chyma arouud them. The oonjuuctive tissue is thrown into numerous eiu-aag 
lobes on its inner margin. The central pith, 3620/x broad, contains numerous 
fibre bundles, sclereids, raphide sacs, a few lysigeuoiis air cavities and nearly seven 
medullary bundles of different size, all hydrocentrie. 

A T.S, in the distal part of the same root, 13.280 in.m. in diameter, has similar 
epiblema, hypodermis, cortex, endodermis, pericyelc, xylem, phloem, and con- 
junctive tissue as in the proximal i)art of the same root, but the stele is broken 
up to form a polystele {Figs. 53, 54). The adult root thus resembles with the adult 
root of Archontophmnix Cunninghamii. In a stele prior to tlie breaking up into 
a polystele, phloem strand becomes “U^'-shaped. The broken convolutecl bit 
of the stele forms an independent arch. The species agrees in this respect with 
H. Belntoreana and J. Curninghamii, The central pith, 5x8 m.m., is coiitinuous 
with the parenchyma in the cortex and has a similar structure. A few medullary 
bundles of different kinds are present in it. The abstricted medullary bundles 
lie in the gaps formed by the separation of stelar arches. Some of them lie scattered 
even in the central pith. 

In the medullary bundle shown in Fig. 56, there is a large metaxylem cell and 
a single phloem strand encircled by an oval ring of lignified conjunctive parenchyma. 

A second medullary bundle is shown in Fig. 57. Here two xylem strands 
have been united by a large metaxylem cell. The two phloem strands lie on flanks 
opposite to each other. They are completelj^ encircled by sclerenchymatous con- 
junctive parenchyma. 

A third medullary bundle is shown in Fig. 58. Here a large metaxylem cell 
in tlio middle and a distinct strand of secondary xylem lie centripetally. There 
arc three phloc^m strands, two on two sides of the isolated xylem strand and one 
above the large metaxylem ocll. Both the xylem and phloem strands are enclosed 
in strong lignified conjunctive ])arenchyma. 

These three typos of medullary bundles always lie in the vicinity of stelar gap, 
from which they are abstricted in the process of splitting up of the vascular stmnds 
into loops. They are different from the ordinary medullary bundles in the central 
pith and have 8-9 layers of lignified selerenchyma around a single metaxylem cell 
without any phloem. All such irregularities ultimately result in the so-calle<l 
polystelic condition, previously described for roots in Areca by Oormack (1896) and 
Drabble (1904). Further disintegration of these islands of stelar pockets to include 
small medullary bundles as in Iriartefi w^as also seen in the present study. 
Presumably, these occur in roots arising in the cortex at a much higher level of a 
tree trunk. 

Elaeis guineemis Jacq. 

This oil palm of Africa has a jacket of roots at the base of the tree trunk 
in Phoenix or Borassus, There are two kinds of roots in this palm, underground 
and subaerial. According to Yampalosky (1924) underground roots are attached 
to the base of tree trunk and radiate in all directions and grow over a considerable 
distance. The subaerial roots arise above the ground from older tree trunks, 
generally a meter above the ground in discontinuous regions. Most of the adventi- 
tious, subaerial roots ultimately penetrate into the soil. 

A transverse section of an underground portion of a root is about 4.960 m.ih. 
in diameter. The Umitiiig layer has square lignified cells, broken at plapes due 
to pneumathodes. Hypodermis consists of lignified cells filled with brown cell 
contents (Fig. 59). The cortex consists of thin-walled round cells having numerous 
raphide sacs in the outer cortex and air-cavities in the middle cortex. Several 
oil sacs occur throughout the cortex. Inner cortex consists of a complete ring 
of stone cells lying over a few layers of oval, traversely elongated parenchyma 
abutting on endodermis. Endodermis and pericycle are one-layered. The stele 
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consists of 41 arches of xylem and phloem l 3 dng radially in conjunctive parenchyma 
highly lignified towards the central pith. Xylem strands are “F’- or “V”*8haped. 
The phloem strands are of two kinds : the smaller ones measure 48// and lie in the 
fork of ' V- shaped xylem and the large ones, 160 x 48//, lying by the side of “F'- 
shaped xylem. The central pith 640/^, forms a zig-zag patch having raphide 
sacs and oihcontaining cells. No medullary bundles occur in the central pith. 

Allah a specio^a Mart. 

1'hirt Krazilian palm is occaHionally cultivated in India. Its adventitious 
roots are about 8.000 rn.m. in diameter, and have lignitied epiblema unth squarish 
<*ellH liaving dark (contents (Fig. 60). HypiKlermis is lignitied and is differentiated 
into an outer zone with dark contents and an inner zone rather clear and with 
raphide khch. 1'he larg<* cortex consi.^ts of thin-walled, round c^ells and air-cavities 
arranged in 2-U rows in the middle. There is an incomplete ring of tannin cells 
in the inner cortr^x. Raphide sacs, mucilage cells and tannin cells are also present 
in the cortex. Tin* stele (onsists of oO arches of xylem and jdiloem lying radially 
in lignitied (onjuiictivo parenchyma. The xylem strands are ‘ F’- or ‘‘V^-shaped. 
The central pitli, about 1. 2 rn.m.. coiL^Msts of thin-Malled round cells. Air cavities, 
a few raphide sacs aiul rmicilag/' cells occur in it. 


i'OCOs nuciff ra L. 

A I .S, of aerial portion (►! aji adventitious root, about lO rn.m. in dianioter, 
has ligniti<Hl epiblema, and (>-7 layers of lignitied hypodermis tilled with dark 
contents (Fig.s. til b.i). The cortex consists of thin-walled large parendiymatous 
cells having small intercellular spac'cs. Several raphide cavities (Fig. 62) and 
mucilage cells are present in the cortex. Many air cavities of various shapes occur 
in 2-,\ rows in the middle cortex. An incomplete ring of pigment cells is present 
in the inner cortex, Th(‘ endodermal (‘ells eonforin to “(T’ type of Russow with 
passage ctils. Pericycle i.s thin-walled. Cells of the conjunctive parenchyma 
e o\\ pcrK’Vch* are not thick-\> ailed. There are about oO arches of xylem and 
|) uoem radiallx dispo.scd, mostly in the iinligmfied conjunctive tissue. Xylem 
strands are * l’’- or ‘A^”-shaped, phloem lying in the arms of The terminal 

^mrt ot xylem strand towards interior is oceupied by a large mctaxylem cell en- 
circle(i by a layer or two of thin- walled cells in the rest of the lignified conjunctive 
jiarem ivina, A broad patch of pith, I76U//, has convoluted margin towards the 
cen re. ^Mitral parenchyma (‘ontains raphide sacs and a few mucilage cells. It 
also includes two medullary bundles of hydro-centric type^ (Fig. 63). The two 
me<lullary bundles are noticeable in thick roots also. Drabble (1 904) observed 
one onh^ ' ' 


plfunom Hook, f, 

5>.«(M) ,«.m. in diameter has a structure 

T o corn.! 2-3 rows, 

inner cnHol (pt a complete ring of stone cells in the 

cmbeddcfl in ^ consists of 75 arches of xylem, and phloem 

and liKiiiKcd fowarH«i^'”'^ which is thin-walled towards pericycle 

cells and air cavities ^ i I**® a *ew raphide sacs, mucilage 

cells. Brabble ( 1 904) hi hh Imium of This^'”'*^'^®” ’5 metaxylem 

phloem strands. account of this sjiecics docs not mention “U” -shaped 
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Martinezia caryotaefoiia Humb. & Kth. 

This plam native of Brazil, Peru and Bolivia is occasionally grown in Indian 
gardens. 

A T.S. of the proximal part of adult adventitious root is about 6 m.m. in dia- 
meter. It has legnified epiblema and ligniiied hypodermis filled with dark contents. 
The cortex consists of thin-walled, oval or round cells, with inter-cellular spaces. 
The air cavities in the middle cortex are arranged in 2-3 rows. Itaphide sacs, 
mucilage cells and tannin cells are also distribute in the middle cortex. A large 
number of fibre bundles of Phoenix-iy^ are present throughout the cortex. A 
complete ring of stone cells is present in the inner cortex. Vascular cylinder is 
circular. Endodermis confirms to “C” type of Russow. Pericycle is one-layered. 
The stele consists of 35 arches of xylem and phloem and lies embedded in lignified 
conjunctive parenchyma. The central pith, 450/<, consists of thin-walled round 
cells without any medullary bundles. 

A transverse section of the distal part of the same root, alxNut 84.80 m.m. in 
diameter, has similar epiblema, hypodermis and cortex as described above (Fig. 66). 
There is no ring of sclereids in the. inner cortex. The stele is broken up to form 
polystelar groups. Each stelar group has endodermis and pericycle. Xylem 
strands arc “I”- “V”- or “Y”-shaped. The phloem strands are of three kinds : 
small nearly 48/t; they lie in the forks of “V’-shaped xylem ; two large strands, 
192x32/« which lie by the side with the “[’’-shaped xylem; and the crescent-shaped 
ones formed by the fusion of phloem strands which engulf a few protoxylem groups. 
At places phloem strands are arranged in two series as in Uowexi liehnoreana, 
Archotophoenix Cunnitighummi and Arexti catechu. Due to polystelic nature, the 
ground tissue of the central pith, 1920//, becomes continuous with that of the cortex 
and has similar ty])c of i-aphide sacs, mucilage cells and tannin cells. Fibre bundles 
in the pith are of Areca- ty{)c. 6-7 medullary bundles with mctaxylem cells are 
also present in the central pith. At places they get ftised with one another and also 
with fibre bundles of Areca type. 

The breaking up of the stele into polystely is e.xactly similar to that in Howea 
Belmorenna, A. catechu and Archontophoenix Ciinnimjkamii. Drabble (1904) had 
not noticed polystclc, medullary and fibre bundles in his material of this species. 

Badris major Jacq. 

A T.S. of an adult adventitious root about 3.440 m.m. in diameter has one' 
celled lignified epiblema and a large band of ligniiied hyj/odermis with yellow, 
dark contents (Pigs. 66, 67). The cortex consists of thin-walled oval or round 
cells. Air cavities in the middle cortex are largo, lysigenously formed, and wraii^ra 
in 2-3 rows. Cells in the middle cortex are slightly large, nearly 72/t. Raphide 
sacs, mucilegc cells, sclereids and tannin cells are present in the cortex. A com- 
plete ring of pigment cells is present in the inner cortex. j 

The stele is circular and consists of 28 arches of xylem and phloem ombeddw 
in conjunctive parenchyma The conjunctive parenchyma is lignifi^ towards 
the central pith but thin-walled towards the fiericycle (Fig- 67). The xy*®® 
strands are “I’’-, “V’’- or “Y’’-shaped The phloem strands are of two kinds : 
small ones, 40x40//, lying in the fork of “V’’- or “Y’’-shapcd xylem, and large 
ones, 200x40//, lying by the side of “I’’.8hai)cd xylem (Fig. 67). The central 
pith 200-320//, consists of thin-walled round cells with a lew tannin and mucilage 
cells. 

Nipa frutkam Wurumb. 

A transverse section of the* sub-merged part of an adventitious root, about 
3.920 m.m. in diameter, is circular and has a single layer of epiblema, made up o 
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thiok*waUed^ unligniiied cells with their taugential walls cuticularised (Figs. 68, 
69, 70). There is a band of 5-6 layers of lignified hypodermis. The cortex is 
very extensive and spongy, made up of thin-walled oval or round cells with small 
triangular spaces. The whole of the middle cortex is traversed by radially elongated 
schizogenous air-cavities formed by the chains of cells (Figs. 68, 70). The raphide 
sacs occur in the inner and outer parts of the middle cortex. Mucilage cells are 
restricted to the middle cortex. The inner cortex consists of small round paren- 
chymatous cells compactly arranged. The endodermis is entire, its cells being 
lignified on radial walls only (Fig. 69). Pericycle is one-layered. Stele is com- 
(K^sed of 25 arches of xyleiu and phloem radially distributed in the conjunctive 
tissue (Fig. 69). The conjunctive parenchyma below pericycle is tlQn- walled, 
but in its lower part tcjward.s centre, it is thick-walled. Large secondary xylem 
cells lie partially embf'dded in the lignified conjunctive parenchyma, and partially 
above it in the thin-wallcd conjunctive parenchyma. The xylem groups are ‘T”- 
shajml and tlic small phloem .strajid.s are spherical. The central i)art of root is 
occupied by pith, 240/^. The iutorcelluiar spaces ar(‘ triangular. A few mucilage 
cells arid raphide sacs oenur in the central pith. 

I he st<‘le is small, and cortex is t raviTsed by nunuuuus schizogeiiously formed 
air-cavities lined by ehaiii.s ol radially elongated cells, lihres or other mechanical 
strands are develoircd in it. 'riicse features constitute distinctive characters of 
the roois ol this tidal palm. They show a strong resemblance with the structure 
ol roots o{ a fossil palm trom the Deccan Intertrappeaii series described by 8ahni 
(I9«{S) under tlu‘ name ol lihhopalmoxylon Didicuni. 

V. Imcoutant Anatomical Features of Pai.m Koots 


I he present study deals with the structure of adult roots in palms arising 
ii(>m stem in the root- hearing region of a tree-trunk in 35 species belonging to all 
un[H)rtanl sub-families ol Palniae except Mauritieae of whicli no material was 
availahU'. I he .stelar structure ol a })lani root as it traverses through cortex of 
a .stern, fnnn which it arises, i.s complex initially but gets simplified later towards 
tlie groNNing point ol the root, as it ecunes out of the tree-trunk. It is a case of 
anatomical inversion a.s ojiposod to that of condensation in peduncles where the 
(onipiexUv of anatomical structures increases from base to apex and vascular 
)un(^l(^s and other tissues tend to fuse together more and more. The principal 
teatuies ol [)alm roots are as follows 


( ) v/n —In most palm roots, epiblema consists of culticularised cells, 
later and constitute a limiting layer on the outer cortex. 
yjXK IS hgnihed and is olteii made up of throe zones : the outer zone filled 
\ I 1 a ar ' substance, the tannin, the middle zone with thin- walled cells, and the 
imor zone having thick lignified cell- walls but no cell contents. Nipa fruticam 
^ outer zone of hypodermis is parenchymatous and 

, , . contents or tannins. In all palm roots a few raphide sacs do 

ji Inr.r , I. **’*J1*'^ opiblema. [ii Hyphorbe amaricaulis and Oreodoxa rexjia 

is I* lips between the two layers of hypodermis and 

IS not^ ligiulied. It contains no pigment cells. 

middle* i-wnv lip*^ cortex having three parts, outer, iimer and 

of cells in n.li n cortex forms a continuous band of 3-6 layers 

extendivl i 1 Ilaphide sac.s and pigment cells occur in it. It is 
inner cortex are «>rlex lying on endodermis. In between the outer and 

constitute the middle P^enchymatous cells containing air cavities. They 

Sn In difftiLT^ » good deal of varia- 

oxceot in Nitui ^ are formed lysignously in most palms, 

1 S wt offio^Sr' formed sohizogenoudy. 4ey occur^ the 

>wer iKut of the middle cortex m Rhapxe flabeUifornm and Chrysalidomrpm luiesc^m 
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(Figs. 11, 38). They are very small and occur throughout the middle cortex in 
Livistona chtnensis, Ht/phae7te indkn, Borassm flabellifer, Caryota umm, Hifopharbe 
amanmvlts, Hmvfa Belmoream, Archoniophoenix Cunninghamii, Areca' c«l«chu 
iwd Cocos nucifc.ra. ^ They are v'ery large and radially elongated in Phoenix pedudosa, 
Bactins major and hipa fruticAins. In the rest of palms studied they were irregularly 
distributed. I he extent of air-cavities in roots varies from palm to palm and 
even in the same palm it depends upon the kind and position of root in the soil 
as shown by d’ Almeida and (’orvea (1949). 

The uinor cortex consists of 2—5 layers of oval, transversely olongated> cubical 
parenchymatous cells dividing radiall5^ These layers lie directly on endodermis. 
Generally a few pigment^ cells occur in the imier cortex (Pig. 20). The pigment^ 
cells abut on endodermis and form a continuous band in Corypha nmbraculifera, 
Caryota mitis, Hyophoehe amaricaulis and Badris major: sclereids are generally 
associated with these pigmented cells on the endodermis and occur in groups as 
isolated nests of 3-7 cells (Pig. d-sc). In Trachycarpus martiana, Caryota mitis, 
Hyophorbe amaricaulis, Oreodoxa regia, Elae.is guineensis and Cocos plumosa they 
form a complete circle of sclereids (Figs. 10, 36, 41, 59, 64). 

By far the most important feature of the cortex of palm roots is fibre bimdles. 
They are of three kinds : (1) Phoenix-iypa having a circular outline as in Phoenix 
sylvestris, Phoenix rupicola, Phoenix jiedudosa, Phoenix zeylanica, Phoenix daciyli- 
fera, Corypha umbraculifera, Hyphaene indicn, Caryota urens, Caryota mitis, and 
Martinezia caryotaefolia. (2) Areca-type . — The fibre bundles in this tyiHj have 
polygonal shape as in Chrysalidocarpus lutescens, TIoicea Belmoream, Cyrtostachys 
rendah, Archoniophoenix ('unninghamii and Areca catechu and (3) Hyophorbe-typo 
in which there is no grouping of cells, but they occur as individual fibre cells; some- 
times they lie scattered throughout the cortex as in Hyophorbe amaricaulis, Livis- 
tona chinensis and Laiania verschaffeltii. In a few exceptional cases, fibre bundles 
of Areca-type are also present in the central pith only o.g., in Corypha umbraculifera, 
Sabal Adansonii, Hyophorbe. amaricaulis and Martinesia caryotaefolia. In 8al>al 
serrulaia the fibres are of the Hyophorbe. type but they lie in the central pith only. 
In Corypha umbraculifera and Martinezia caryotaefolia the fibre bundles in the 
cortex are of Phoenix-type. while those in the central pith are of Arcca-type. In 
Hyophorbe amaricaulis there are loose sclereids in the central pith and also some 
fibres of the Arcca-type. 

(3) Endodermis . — In most of the palm roots cells of the endodermis are lignified 
on their lateral and inner walls (Fig. 20) and they conform to the “r!”-type of 
endodcrmal cells of Russow except in Calamus rotang and Calamus tenuis where, 
due to lignification all round the cell walls, they form the “0”-type of Russow. 
Distinct Oasperian bands are found in Hyphaene indica, Borassus flabellifer and 
Nipa furticans (Fig. 69). Passage cells are observable in roots of most palms. 

(4) Pericycle. — ^This is generally one-layered, rarely two. It is often not 
lignified, but is very much so in Jthapis jlabelliformis. Walls of the pericycle cells 
near protoxylem are generally thin. 

(5) Stele . — ^This is very variable in different species and presents some well 
recognizable types ranging from eustele to the so-called polystele described by 
Gormack (1896), Drabble (1904) and Bower (1923). The different configurations 
of stele in palms roots no doubt occur as an adjustment to the expanding and 
enlarging size of root, which, owing to lack of eambium, is unable to get modified 
like the root of dicotyledons. The different patterns of stele in palm roots with 
its conjunctive parenchyma, therefore, form a very characteristic feature of eaidi 
species as are shown in Figs. 1-70. 

It will be seen from them that some additional patterns of stele have been 
brought out in the present investigation besides those described by Von Mohl 
(1849), Gormack (1896) and Drabble (1904)1 They undoubtedly form interesting 
examples of polysteler types of roots in palms. Gormack (1896) and Drabble (1904) 
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havr iUho (imriiml typical euwtele and inU*rmediatc ty ]>08 thereof. More complex 
dmintegration of stele occurs in the living palms Huch an IriarteH, A similar case 
of diHintegration hm been described by Stenzel (ItMM) in a fossil {>alm root com- 
[Mirable with tivaf of the mmlern sjMM ies of IriarUs, 

(ft) Vfuicuhir In most of (he jwilm roots, xylem strands are arranged 

in a single row (Figs. I, It, 8, 24, ftft), but in kmniUA they lie in more 

than one row (Fig. 9). They are ‘‘f ’-shaped or “V”-sha{XMl or both (Figs. 
5, 2ft, 37), except in Siim furticam where they are all '‘I ’-shaped. In Aircu they 
are ‘'Y”-»haped in iwidition (Fig. 54). The phloem generally forms an oval patch 
lying by the side of ‘‘f ’’-shaped xylem strands : alternatively it may lie in between 
two arms of “ V”-HhaiH‘d or *TJ”-shaped xylem strands (Fig. 5, 26, 37). The phloem 
strands are prcwnt in two stories in Hyphame indica and Borasaus flahellifer (Figs. 
28, 31). They are present in two or three series occasionally in Howea Belmoreana, 
Archmitophfmiijr (^vnninyhamit, Areca miechn and Mnrtinezia earyotaefolla. The 
phloem strands are “V'”-sfuij»<‘d or semicireular and .xylem strands lie in them in 
Sahal adnmanii, Uowra hf'lmomtna, Archoniophofniv Cnmtinyhnmii , Areca CAiteclm 
CoroM phnnam and Martin* zia cryoUitfoVai (Figs. 44”(>r)). 

(fer)(*rally then* is a large* mctaxylem cell or cells in a xylem strand. They lie 
centripetally and extend into the conjunctive ti.ssue which is very much thickened 
in most of the palms exccf)t irt Phoenix .sylveAtri*^, (Umjpha umhraculifera, Ilyphaene 
indica, IiorasAi(,s Jlahellipr, !l yaphorhe, nmarimnlu^ FAaeis guineensis and Nijja 
frutienns. In these jialms it is only partially thickened. The extent and the 
manner <»f (hickening (jf conjunctive parenchyma differ in different palm roots. 
In the secondary aerial roots of many [)alTns and in Salmi serrulaia the <*onjiinctive 
tissue is completely lignified. 

Duo to uneven lignification of cells on (he inner margin of the conjunctive 
paren<hyma, the inn(‘r edge touching central pith looks circular, convoluted or 
ira'gularly lobed (Figs. 5,25,31). [ts outer margin lies below endodermis and is 
t hrown into bays and arms. These bays include xylem and phloem strands (Fig. 9). 
Ihc convoluted lobes of inner margin include sometimes large secondary meta- 
xylem cells and medullary bundles in the process of getting abstricted in the central 
pith (Pig. 23). In Arcca catechu and in IrUirles this process results in an extreme 
condition looking like a {K)lystele or disintegration. Here there are numerous 
islands of conjunctive parenchyma; and in the midst of each island there is a 
meristele as described by Corraack (1896) and Drabble (1904). A new feature 
of palm n)ot8 noticed in the present investigation was the breaking up of the vas- 
cular ring of stele by splitting up of a phloem strand in Areca catechu and MaHinezia 
caryotaefolia. Cormack (1896) and Drabble (1904) did observe such breaking 
up of stele in their material, but there it was by the splitting up of a xylem strand 
and not of a phloem strand as described here. 


(7) The central part of a palm root consists of unlignified cells except 

m secmidary rcH)ts where they get lignified. The extent and shape of central pith 
re amerent m diffenmt {)alms due to various degrees of lignification of the con- 
junctive parenchyma and the presence or absence of medullary bundles in it. It 
generally contains a few raphide sacs, pigment cells, oil secreting cells, sclereids 
or their aggregations, aerenchyma and medullary bundles. All these characters 

medullary bundles form a highly 
ohM^nstic feature of the roots of Phoenix sylvestria, Phoenix zeylanica, Ph^ix 
yioWfc/omis, Oorypha umbraadifera, Lieuala peltala, Licuala 
chtne.ns%s, Sabal adansonii, Bomasus ftabeUifer, Calamus tanuis, 

^ <^fdschu. Cocoa micifera, 

aSSt ^ caryotaefolia. In the other palms studied they were 
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A mociullarv bundle eoiiHistn of xyJem siirroiiiule<i by phlo4>m and Hgntfied 
cells of parenchyma in Pho^ flix sifltrsirls, Phik ttijc zf ylnnua, ( *oryphn HmbttttiilifiM, 
Lkualn peUnia, hhmUma rhitysin, fVin/n/a (*anp)ta mUi^^ Chrymlulotwpit^ 

lutefivfmy Ar*'vn> vatedm and Cocos nucifcm, Tn ('orypha HtnhrfUulifmt, JAmalu 
f/mw<//s\ Ilyophorhf amarlravlis, Arcca ctUechtt and Marimezin rarifotcy^folia more 
than one medullary bundles occur in the central pith (Fi^s. l!l, 13 , 41 , 54* 65). 
In Corypha limbracnlifera and Cyrtmtachys remkih the medullary bundles fuse toge- 
ther as they traverse through the cortex vertically downwards. The xylem strand 
disappears first and thei\ only a small patch of phh>em remains, forming leptixxmtric 
bundles (J^gs. 16, 18). 

Raphide sacs containing needle-shaped crystals of calcuim oxalate are present 
in all the palm roots in the cortical region, but in JAvistom chim^is, Chryaalu 
docnrpns lut^MeUrS, Hyophorbe mnaricualia, Archontophoenix Cunninghmniiy they 
are present in central pith. Oil glands are present in EUcis guineei^is but not 
in other palms. In the roots of Hyophorbe arnarlcaulia and Archaniophoenix Cun* 
ninghimii the cortical parenchyma consists of elongated cells similar to those found 
ill the stem and peduncles of those palms. This is rather a unique feature of roots 
of these species. However, there are no elongated cells in the cortex of their rcxit 

(Figs. 40, 48). ^ 

All these characters of the palm roots, especially the medullary bundles, nbre 
bundles in the cortex, the nests of sclereids abutting on endodermis, pattern of 
aorenebyma and stele arc features of considerable interest and they help in recognis- 
ing different species of living palms. They can also be so used in the analysis 
of the artificial genus ‘'Rhizopahtioxylon" wliich is under study by one of us 
(T.S.M.). 
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VII. ExpLAKATIOK op FiaOBBS 

Figs. 1-12. Anatomy of root® in Phoenix^ Ohamaefwpt^ Trachyeofirpw and BmpM* Figffi.1-3. 

Phoenix sjfleestri$ Koxb. Fig. 1. T. S. ofa^ial root showing: epidermin} 

hypodermis; /,6„ Fibm bundUos, and «l» utale with a small pith in tha oentro x S, 
P^g. 2. Ck>rtioal portion of an underground root sliowing: ground paron«> 

ol^ma;/.6,, dbre bundles; a.c., air cavities; r.s., rajiddids me; axuil.0., tannin cells 
X 70. Fig. .3. T. S. of an underground root showing: s, xykm$ pk, phloem; a.c*i 
air oavities; sc., soiereida and m.&. medullary bundles x^. Fig. 4. Phoenix* 
zeylanioa Trimen: T. 8. of adult root showing internal structure: l.o., tannin cells 
ai^ m.6., medullary bundles x8. Fig. 5. Phoenix rupiooia T. Anders. T.S.; 

. of adr^t root showing: a.c., air oavities; /.6., fibre bundles; Uc, tannin cells; (C, xylmk 
pA-pliloem and a.c., air cavities in the central pith x 8. Fig. C. Phoenix ^udom 
Roxb. T.S. of adult root showing: a,c., air oavities in Uio cortex; et.^ stele and p, 
pith X 8. Pig. 7, The same: a portion of oortioal ground tissue magnified showing 
a.c., air oavities; g.p.^ giound pamnohyma and/,6., fibre bixndles Xi4. Pig. 8. 
Phoenix dactylijera L. T.S. of adult root showing internal structure: Note the 
few a,c., air cavities; pattern of c.<., conjunctive tissue and narrow pith, px8. 
Pig. 9. Chamaerops humilis L, Hort. T.S. of adult root showing h, hypodermis 
a.c., air oavities; ac, sclereida; at, stele in the centre showing xylem, aj, in many 
row, in c./., conjunctive tissue, with irregularly lobod strands x 16. Fig. lU. 
Trachycarpua martiatia H. Wendl. T.S. of adult root allowing o.o., air acayities in 
two rows and stele with circular conjunctive tissue, oJ* towards pith x 8. 
Figs., 11-12. Raphia flabellifornm Ait* Hort. Pig. 11. T.S. of adult root showing 
air cavities, ax., stole, at, circular with medullary bundles, m.b.in the largo central 
pith X 8. Fig. 12. Medullary bundles with xylem, x x70. 

Figs. 13-28. Anatomy of roots in Corypha, Licuala, Liviatona, Sahal and Hyphuene,, Pigs. 

13-20. Corypha umbraculif era L. Fig. 13. T.S. of adult root showing large coitex, 
fibre bimdles, f.b.; circular stele, at and pith, p with numerous medullaiy bundles, 
m.b. X 8. Fig. 14. Hydrocentric medullary bundle in the pith showing xylem,, a; 
phloem, ph and ring of sclerenohyma, r.ac. X 44. Fig. 16. Fused hydrocentno medullary 
bundle in the central pith x 44. Fig. 16. Medullary bundle with fused phloem in the 
central pith x 44. Fig. 17. Fused medullary bundle: one liydrocentrio and two pliloem 
bundles x44. Fig. 18. Medullary bundle fused by phloem in the central pith X44; 
Fig. 19. A Portion of the cortex showing g.p., i^ound perenchyma; a.c., oir cavities. 
/.b., fibre bundles and r.a,, raphide sacs x44. Fig. 20. A portion of the stele showing 
i.c., inner cortex; t.c., tannin cells; en, endodermis; pe, penoycle; x, iwlem; ph, phloem 
and c.t., conjunctive tissue x220. Fig. 21, Licuala peltata Roxb. T.S. of adult root 
showing o.h., outer hypodermis; m.h., middle hypodermis; i.h., inner hypodertnis; 
c.t. conjunctive tissue, lobed and with one medullary bundle in the central pith, 
px8. Fig. 22. The same. A portion of T.S. of adult root showing ep, opiblema; 
o'h., outer hypodoimis; m.h., middle hypodermis; i.h., inner hypodermis and gr.jp., 
ground parenchyma of the outer cortex x 160. Fig. 23. Licuala grandia, H. Wendl, 
T.S. of adult root showing elongated air cavities, e.a.c., circular state, at, and m.b** 
medullary bundle X 8. Figs. 24-25. Liviatona chinenaia R. Br. Fig. 24. T.S. ot 
proximal part of root showing 3-layered hypodermis, h; sclereids, ac and oivotilar stele, 
at, X 8. Fig. 25. T.S. of the distal part of root showing 8 -layered hypodermis, h* 
tannin cells, t.c. and medullajry bundle, m.b. in the pith, p X 8. Fig. 26. 8alm odanjonn 
Guers. T.S. of adult root lowing tannin cells, /.c.; circular stele, at\ one modinlary 
bundle m.b. and fibre bundles, f.b, of the Areca type X 15. Fig. 27. Ba^l 
aerrulata Roem-et Schultz. T.S. of adult root showing circular stele, at and conjunctive 
tissue, c.t., thin-walled towards periphery and lignified towards centr^ pith X8. 
Fig. 28. Hyphaene indica L. T.S. of adult root showing fibm biuidloB, /.o.; circular 
stele, at and phloem, ph in two series in thin-walled conjunctive tissue, c.t* X 8* 

Figs. 29-40. Anatomy of roots in Latania, Boraaaua, Caryota, Calamua Chryaatidooarpua and 
Hyophorbe. ^ ^ ^ x 

Figs. 29-30. Latania verachaffeUHf Lemaire. Fig. 29, T.S. of proximal port of root* 
showing air cavities* a.c*; circular stele, at and pith, p X 8. Fig. 30* T.S. of distw 
part of root showing air cavities, a.c* in 2-3 series, radially elongated phloem, ph, ana 
circular pith, p xS. Fig. 31. Boraaaua flabeUifer L.T.S* of root Aowwig air «?viUos, 
a.c. and pholem, ph arranged in 2 series: Note conjunctive tissue, c.t* partly lignified 
and partly parenchymatous x8. Fig. 32. Calamua tenuia Boid). T.S. of root a.c. 
showing air oavities towards inner co^x i.e and medullary bun^ m.h, in the conteal 
pith pXB* Fig. 33. Calamus rotang h. T.S. of adult root showing a|r oavitw, a*e.i 
circular stele, al and a narrow pith, »X8. Figs* 34-35* CaryoUiurenauFig*^* 
T. 8. of adult root) showing air cavities, a.c.; raphide sacs r.a.; fibre bundles, /*©* 
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and A highly lignified conjunctiva tiaaue, e,t, with a small pith pxl5. Fig. 35. A 
portion of the stele showing inner cortex, f.c.; en, endodermis; p«, pericycle; xylem; 

phloem; c.<., conjunctive tissue and pith, 4i. Figs. 36-37. Ctnyoia tnUis Lour. 
Fig. 36. T.8. of adult, root showing air cavities, o.c.; raphide sacs, r.s.; fibre bundles, 
f,b,; ring of sclerenohyma r,ae.; conjunctive tissue, oJ, having many rows of xylem, 
X, and medullary bundles, tn.b. in the pith, p x 8. Fig. 37, A part of the stele 
showing inner cortex, i,c.; r.eo. ring of sclerenohyma; en, endodermia; pe, pericycle; 
Wt n^ylom; ph, phloem; c,L oomunotive tissue and pith, p x44. Fig. 38. Ohrytalido- 
rarpm lutescens H. Wendl. T.S. of root showing internal structure, V-rfiaped phloem, 
pA, showing region whore the stele breaks and medullary bundles, m.6. x8. Figs. 
31M9. Hyophorbe ammcaidis Mart. Pig. 39. T.S. of root showing solereids, ac, ring 
of sclorench^a, r.ac; circular stele s/ and fibre bundles, /.6. of the Areca .type in pith, 
p and medullary bundles, f7i.6. X 8., Fig. 40. A medullary bundle allowing xylem, x 
and elongated ground peronohyma g.p, x44. 


Figs. 41-51. Anatomy of roots in Hyophorbe, Howea, Oreodoxa, Cyrtostachys and Archonto* 
phoenix. 

Figs. 4L42. Hyophorbe amaricaulia Mart. Fig. 41 . T, A. of distal part of root allowing 
Hclereids, sc; ring of solerenchyma, t. 3c,i iobed oonjunoiivo tissue c.t.; fibre bundles, 
/.6. of the Areca typo and moduUary bundles, m.6.x 8. Fig. 42. Cortical tissue magni- 
fied showing ground parenchyma, sclereids, s.c. and air cavities, a.c. x20. Fig. 
43. Oreodoxa regia Kth. T.S. of adult root showing hypodermis, h, wdth raphide 
sacs, r,a,i a.c., air cavities; ring of sclorenchyma, r.ac and small circular pith, p x 8. 
Fig. 44. Howea Belmoreana Bocc. T.S. of adult root showing internal structui-eJ 
fibre bundles, f,b, of the Areca type; at, stele and V-shaped pheloem, ph x 8. 
Fig. 45 OyrtOBtachya rendah Bl. T. S. of adult root showing internal structure, fibre 
bundles, /.6. and circular stele, X 8. Figs. 46-51. Archontophoenix cunninghamii. 
VV. Dr. Fig. 46. T.S. of proximal part of adult root showing internal structure and 
circular stele, at x8. Fig. 47. T. S, of distal part of the root showing strips of elon- 
gatotl tiflsuo, e L; broken stole, b.at; medullary bundles, m.b . : Note x xylem, both exarch 
and ondarch x8, Fig. 48. A portion of the cortex showing elongated tissue, e.t,; 
scloreids, ac.; fibre bundles, f.b, of the Areca type x44. Fig. 49. Fused modidlary 
bundle showing xylem, a? and phloem, ph x 44. Fig. 50. A portion of the stole magni- 
tied showing iimer cortex, i,c. endodormis, cn; xylem, x; phloem, ph; pericycle, pe and 
oonjimotivo tissue, c.t. x 44, Fig. 51. A medullary bundle showing xylem, « x 44 


Figs. 62-60. Anatomy of roots in Areca, Elaeia and Attalea. 

Figs. 52-58. Artu>i catechu L. Pig. 52. T.S. of proximal part of root showing fibre bundles 
f.b.; scleroids, sc; stole, at with lobed conjunctive tissue, c.t., and medullary bundles' 
m.b. X 4. Fig. 53. T.S, of distal part of adult root showing different parts and polystelic 
condition x 5. Fig. 54. T.S. of distal part of adult root showing polystelic condition 
and different parts x 4. Fig. 65. A portion of the cortical ground tissue showing ground 
parenchyma, y.p. sederoids, 6c; fibre bundles, /.6. of the Areca type and air cavities a.c. 
x20. Fig. 66. Medullary bundle ehowing xylem, x, end phloem, pk x 70. Fic 67 
Medullary bundle showing xylem, *, and phloem, ph x 70. Pig. 58. Medullary bundle 
ahowmg xylem, and phloem, ph with tliroe strands x 20. Pig. 69. JSlaeis gumeenait 
./aoq. 1 .8. of adult root showing raphide sacs, r.s.; air cavities, a.c.; ring of sclerenchvma 
r.so., and a»r cavities in the pith, p x 8. Pig. 60 Attalaea speciom Mart. T. S of adult 
root showing air cavities, a.c. in the ooidex end central pith, p : Note stellate margin 
of conjunctive tissue towards tho oentral pith, pxS. 

tigs. 61-70. Anatomy of roots in Cocoa, Martinezia, Bactris, and Nipa. Pigs. 61-63- 
Cocoa n^/era L:. Fig. 61. T.S. of adult root showing epidermis, ep; hypodermis A, 
air oavitUM, a.c.; tannin colls, t.c.; raphide sacs, r.a.; xylem, x; phloem, ph; con- 
ju'tivo tissue, c.f.; pericycle, pe and medullary bundles, m.6. x 15. Fig. 62. A 
oortox showing raphide sacs, r.a. ground parenchyma, g.p, and 
^^8* 63. Medullary bundle showing xylem, x; phloem ph and 
r u 1 plumoaa Hook. f. T. S. of adifft root 

8 ring of sclerenohyma and circular stele, 

lmndW^f^^K car^/oto^/oZia Humb. Kth. T.S. of adult root allowing fibre 

blindly /.6. broken stele, b.at; \ -^iaped phloem, ph, and medullary bundles, m.b. 
^ a ^ maj(^ Jacip T. S. of adult root allowing elongated air cavities 

Adult roo'i and pith, px 8. Fig. 67. The same. . A portion of T. S. of 

nhloem ground parenchyma, g.p,; air cavities, a.c.; endodermis, en.^ 

ciroXr stele atx ^ a ^ m different air cavities a.c. 

Tc en endodlmf; ^ poiAion of T.S. of adult root showing inner cortex, 

juiiW"^ t^f aJd oithTt^TO Pericycle; ph, phloem; or, xylem; con- 



SOME ASPECTS OE INTRA-SEASONAL GROWTH- VARIATION 

IN PLAN-rS 

Part I 
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{Received March 20; read May 1, 1939) 

Abstract 


A preliminary study of the seasonal an<l intra-seasonal conditions was taken up in view 
of their close association with plant’s growth. The variation in the daily number of sunspots, 
and its effect on temperature and other factors have been pointed out. A brief account of 
temperature, atmospheric humidity and rain-fall, and the t»revai ling growth conditions in some 
places of Mysore Plateau is given. 

Based on the sixes of the successive leaves and intornodes the author has recorded four 
growth periods — or curves — during a year, each one of these being parabolic in nature. Of 
these the first and the third are larger curves, hen(5e major, while the second (and the fourth 
are smaller in duration and magnitude, hence minor. The difforontiaiion into the four curves 
is noticed in all branches of perennials with largo numbder of leaves formed during a season. 
Whore a smaller number is formed there is the merging of the first and second, as also the third 
and fourth, resulting in only two curves during any year. Each curve represents the growth 
of a season or period forming the. ‘Growth Parabola’ Sim^o animals also manifest similar 
features in their activity this may bo appropriately styled as the ^Biological Parabola*. The 
magnitude and duration of the growth-curve depend on the degree of agreement between the 
prevailing growth conditions and growth of a plant. 

The lower plants are as much affected as the higher plants. This has been shown by 
taking a few representatives from the different groups of plants. In all these members not 
only vegetative but also reproductive parts manifest the parabolic size variation. The sizes 
of sporophylls, sporangia and spores are directly related, and best sized structures generally 
develop about the middle of the seasonal part of a plant bearing these. 


Introbxtction 

The subject of growth happens to be an elaborately studied part in plant, 
physiology. Volumes have been written on this subject and on the development 
of plant parts under natural and artificial conditions. The various aspects of 
growth with and without stimulation, have also been studied by many. Extensive 
work has been done and elaborate literature is available on the growth-rate not 
only from Season to season but also from time to time during a season. Changee 
in weight, diameter, size and length have been the several aspects which have 
drawn the attention of the various investigators, and long and short time interval 
records have been taken to explain this feature. An old reference on this subject 
happens to be by Sachs (1873) who selected the study of the linear changes in 
plant parts during the hours of the day. Gregory (1921) has studied the changes 
in the area of the leaf, while Briggs, Kid and West (1920 a & 6) assessed growth 
in terms of weekly increase in leaf area and dry weight. Friesner’s work (1920) 
on the radicles of Cucurbita indicates an attempt at short time intervals recording 
and this has shed some light on the daily variations and rhythm in the growth of 
plants. Weight fluctuations in plants from time to time during the hours of the 
day were recorded by me and published in 1945, Duringi my work on ^owth 
and other activities the advantages and efficacy of high magnification ana short 
interval recording have been sufficiently stressed. The high magnification employed 
has enabled me to record the several activities of plants not only at intervals of 
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a few minutes but also a few seconds. In all these activities recorded and pub* 
lished by me durij^g 1942 -1946, the presence of oscillations in the rate has been 
explained in detail. I have noticed these oscillations manifesting themselves at 
intervals of a few minutes or even less tlian a minute. Just as in other activities, 
in growth also, oscillatory variation in rate is noticed, even when the external 
conditions are (constant. For the work on growth yoimg roots, stem, leaf and 
flowers buds were selectfnl and the recording was done with these parts in tact 
on the plants. Probably the i4iiangifig Ph of the plant body, oscillatory changes 
in the water-content of the plant (Krishna Iyengar, 1946a & b) and the attendant 
stretching and (M>ntraclion of the tissue (Krishna lycmgar 1946c) must have in 
no small measure contributed to the oscillations in the rate of linear changes during 
growth. A diurnal variation in the diameter of stems of several plants has been 
reported by Mae Dougal and others (1924) and it should not come to one as a 
Burprls<‘ if changing wat<^r content of the plant body is also responsible for this 
feature, M^hc: records of Went (1925) and Hilberschniidt (1926) show oscillations 
in the growth rate, but thcs(^ have escapt^d the notice of these investigators. 

Most (»f rny observations of the several activities of plants were of short or 
hjng durati<»ii with (■onstant exh?rfial conditions during the period of observation. 
Tlutse havc^ revealed the existence of oscillations in tlie rates of these activities, 
and growth vvhicli hap{)ens to l)e the result of the harmonious adjustment to the 
several factors shows, l)y its o.sciUatory variations, that there slioiild be similar 
variations in tlie hornu)ni(^ and enzymatie activity and the resulting tone of the 
living matter from tiriic! to time. 

While studying growth, (uie’s attention is naturally drawn to the effect of 
seasons and their intiuence, and the way Life has adapted itself to these forces for 
its survival, growth and expression. Extensive literature is available to explain 
the influence of seasons and their succession on the pattern of plant's life and 
strueture (Schimper 1S91, Medregor 1932). The significant contrast in the 
appearance of a plant during the different season is invariably a reflection of the 
contrast in the nature of seasons and the n^sulting variation in the growth condi- 
tions. This is quite striking in places with a pronounced seasonal contrast. The 
rhythmic succession of s(‘asons and changing weather conditions are often asso- 
ciated with the oscillatory variations in the sunspots number (Stetson 1937), and 
these are expressed hy changes in the structure of a plant denoting the plant's 
constant C3lfort towards an effnient adjustment to the changing conditions. The 
addition of an appreciable number of large leaves and the high rate of growth and 
other activities during spring, and a highly reduced activity during winter, form 
an interesting expression of the seasonal changes and their contrast and these have 
their counterpart in the internal structure, thus making the plant body an efficient 
record ot weather conditions and their changes. Investigators like Douglas (1919) 
and others have taken advantage of this feature to study and explain the clima- 
tology of places through ages. 

While groAvth changes are oscillatory and generally follow a definite annual 
rhythm, I have noticed parabolic variation in the sizes of successive leaves, inter- 
nodes and axilliary branchevS formed even dining a season, suggesting the existence 
ot a rhytlirn even here. A paper on this was communicated to the session of the 
Indian Science Congress of 1946. Further work done by mo in this field has 
revealed a similar variation in the successive flowers and friiits as also seeds formed 
during a season or even part of a season denoting the varying vigour of the different 
parts. A critical study of the development! of the individual parts has revealed 
a similar variation in the vigour of the different regions of any part. All these 
points have been discussed though brielly in my p^per published in 1947. My 
recent study of the development of the underground! parts has shown that these 
are as much affected as the aerial parts and also manifest® similar variation in size 
and vigour. 
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^ previous work (Krishna Iyengar 1947) I have explained that the para- 

bolic variation noticed in the sizes of s\iccessive vegetative and reproductive parts 
of a plant denoted a similar variation in the vigour of these parts also. The pre- 
liminary work connected with the propagation of plants, making use of this feature, 
has also been explained in the paper mentioned above. Ilf has been pointed out- 
that this parabolic growth and vigour variation seems to bo a feature of not only 
plants but also animals. A brief reference has been made in the paper stressing 
the importance of this knowledge in plant and animal breeding grafting, propaga- 
tion and cultivation of plants. At the first instance this biological principle was 
applied to fhe cultivation of sugarcane, cotton and paddy. The work of four years 
convinced me that there are tremendous economic possibilities, since the applica- 
tion meant a significant increase in yield per plant under the existing conditions. 
This has been published in 1951 in the form of a note. In fact this feature could 
be exploited for the propagation and cultivation of almost all crop plants and fruit 
plants. In Horticulture, Sericulture, Sylviculture and animal rearing also this 
knowledge seems to be of some significance. Elaborate study and data collected 
by me from 1945 till now have denoted the scientific and economic importance 
of this feature. I am inclined to feel that this parabolic variation in Life — or 
‘Biological Parabola* — is one of the secrets of Nature one has to exploit for the 
economic betterment of Mankind. The urgent need for its exploitation to ensure 
better crops and better plants, and the significant trends and possibilities noticed 
in this direction, are primarily responsible for this present work. 

Seasonal cycle and Growth conditions 

Since a plant*s growth is the result of its response to serveral factors any varia- 
tion in these will necessarily result in a change in the growth rate. It is well known 
that the clearly defined growth-rings are associated with the sharp contrast in 
seasons — so very characteristic of the temperate areas. The striking contrast 
in the plant’s activity due to seasonal changes has left an indelible impression on 
the external as well as the internal structure of a plant. In tropics this contrast 
is generally wanting, and with this feature the structural contrast is not likely 
to be so marked. In general, the plants of any area follow a certain course of deve- 
lopment in conformity with the climatic conditions of the place, and the latter 
will be changing from place to place. The present observations are mostly from 
areas round about Mysore and Bangalore belonging to thc^ Mysore plateau, with 
growth conditions not unfavourable during any part of the year since the extremes 
in temperature are absent. Thus, the summer months are not too hot and the 
winter is not too severe either, the maximum temperature during the year ranging 
from 70 to 95 degrees Fah. and occasionally, though for a day or two, touching 
100 degrees. No doubt humidity will be changing in a significant way since some 
months are without any rains, hence are likely to be very dry with the lowest per- 
centage of atmospheric humidity. 

The present work is connected with plants mostly under field conditions and 
as such an enquiry into the weather conditions prevailing at the place seems to 
be necessary to understand the effect of these several factors. Since this work 
was started during the early months of 1945 data were collected for temperature, 
humidity, rainfall and sunspot number for the months of February, March and 
some of the succeeding months of the year 1945, and a chart has been drawn up. 
Fig. 1 shows the graphs of these based on the daily readings. This work was under- 
taken to understand the relationship among the several factors as an aid to deter- 
mine the growth conditions ‘during different months from February since niost 
of the trees started sprouting during early part of February. A few started their 
activity even during the third or fourth week of January. The variations in the 
eunspot number and temperature appear to show a general agreement and the 
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hiRh temperature preceding the advent of rains will be preceded in its turn by an 
increase in the sunspot number. Highly reduced atmospheric humidity, increasing 
Hun8[)ot number an<l temperature and very low water-content of the soil are the 
charactc^ristic features of the months of February and March. 



(Jmphs showiriu; th(> duily huiuitlity, toiu^nnaturo and Sunspot number during 
Kobruary nrui March 1945. 

The iufliietice of sjinspots on weather and f^rowth of plants is sufficiently stressed 
by Douglass (1910). The general agreement between the sunspot number and 
plant’s growth through ages has been noticed and recorded by him. According to 
him the growth rings are of great meteorological significance, and very useful to 
explain the changes in weather from year to year. But from his recorded data 
the seasonal and intra-seasonal variations cannot be understood clearly nor followed 
closely. My observations published in 1947 have shown and proved that the 
external strticture of a plant ean explain changes in growth conditions not only 
from season to season but also from time to time during a season. From the obser- 
vations of Douglass it is clear that there is a close agreement between the sunspot 
maxima and peaks in the sizes of growth rings and that the major and minor 
peaks in the maxima occur at intervals of about 29 and 11.4 years respectively. 
Less prominent peaks occur at intervals of even a few years. The data collected 
by me show an oscillatory variation even at intervals of a few days. Since the 
sunspot number and ultra-violet radiation are directly related (Stetson 1937), it 
may be inferred that significant variation in the ultra-violet constituent of light 
seems to be a possibility, if one can judge from the changing number from day to 
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day. At times a daily variation of 20-~30 per cent seems to he a possibility accord- 
ing to Stetson. In view of the above it will not bo surprising if the growth "rate 
is affected even at short intervals thus making the structure of a plant an efficient 
record of the weather changes at short or long intervals. 

The dry months of February and March arc succeo<ied by April and May when 
there are the occasional showers preceded by thunder and lightning. Those 
months are warm and the humidity is not low cither. The increasing moisture 
of the soil will be favourable for a good rate of growth in plants. The ^outh-West 
monsoon sets in by about the middle of June and the rains are accompanied by 
heavy wind, and cooler days succeed the warm summer months. These conditions 
prevail till about the beginning of September, by which time the South-west monsoon 
also comes to a close. After a brief lull for a few days the North -east monsoon 
sets in during the later part of September, and generally continues till about the 
end of November. Heavy rains of short duration and warm days are quite charac- 
teristic of this period. Generally from about the end of November the days are 
clear and get cooler as days pass by. On account of the changing position of the 
sun the days become shorter, and this trend is maintained till about the 1 3th or 
the 14th of January. From this time onw^ards the days get longer and the tem- 
perature also takes a gradual upward trend. Till about the last week of March 
the days are clear and the earliest rains for the year will be generally during this 
last week, or during the first week of April. In fact during 1945 the first rains 
were only on the 31st of March. 

It is strange that just at the time of the year when the water-content of the 
soil is almost at its lowest, many of the trees start sprouting. This will be during 
the end of January or during the early part of February and the peak in the growth 
rate is reached by about the end of February or a few days later. The pot plants 
as well as those in the field have shown the same feature. The growth activity 
which had reached the lowest rate during December and partly January manifests 
itself visibly and the deciduous trees which had shed their leaves for a short period 
of rest, start their first flush for the year. That there is increasing rate of growth 
as also rich foliage added during the succeeding weeks when the weather is warm 
and dry and the moisture in the soil is lowest, is a feature which needs clarification. 
Rest in all the woody plants is accompanied by certain changes in cell-contents 
(Samish, 1954). Accumulation of food reserves has been a feature preceding 
dormancy or rest in not only the plant parts but also the plants as a whole and 
even protoplasm undergoes alteration. All these processes denote a partial dehy- 
drolysis of the cells. With the break in rest, reverse processes start manifesting 
themselves, the rise in external temperature aiding not only in breaking the rest 
but also in the several processes. It is quite possible tliat the jfiant reserves are 
converted into mobile products before sprouting and that these probably introduce 
not only a high rate of respiration but also a high osmotic pressure to serve as a 
mechanism for an efficient absorption of water from the soil in spite of its poor 
moisture-content. Instances are many to show the high degree of adaptabUity 
of plants in their osmotic adjustment to suit the environment. The investigations 
of Ursprung and Blum (1921) have shed considerable light on this point. With 
an efficient adjustment of the plant the rate of growth increases and the peak^^in 
the rate is reached by about the end of February. Even the pot plants regularly 
watered behave similarly signifying the existence of a common factor affecting 
the rate of growth in both, favourably or unfavourably. 

Thus with the advent of a period with favourable condition^ there is the spurt 
of growth. During a year four spurts are generally noticed. These spurts— or 
growth periods, are represented in the form of a graph (Fig. 2) where each period 
is shown as a curve denoting the varying rates of growth from time^ to time during 
the period. These growth curves are sBghtly smoothened in the figure. For the 
proper understanding of this aspect hundreds of plants had to be carefully obs^ved 
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and tlieir development watched from time to time. The graph is based on the 
growth noticed in tlie plants of many parts of Mysore State. Witl) slight modifica- 
tions this may hold gorxl for the plants in other parts in and outside India This 
graph is bastMl on the lengths of the successive internodes and sizes of the successive 
leaves formed from time to time during a year Of the four curves the first one is 
noticed to be present during the months of February and March. Since early 
part of February happens to be a sprouting period for most of the plants this curve 
(a) ciif the graph is introduced to illustrate the feature. The lengths of the successive 
internodes are also represimtcd iu the figure and the varying sizes of these convey 
an idi a of the varying vig(jur from time to time. The duration foi> this curve 
happens to be nearly two months, the peak in rate being noticed by about the end 
of February. Towards the end of March depression in the rate sets in, as seen 
clearly in the shorttT internod(‘S and smaller leaves. Since the two months are 



Growth c\irvoH of a year. Explanation in tho text. 

dry months this growth curve has its own interesting aspects. It is noticed that 

the peak in rat is reached at a time when the days arc dry and warm and the 

moisture content of the soil is very low. The depression in the rate of activity 
noticed about the end of March and preceding the summer showers cannot bo 
ascii bed to tho iurther depletion of moisture in the soil, since even regularly 
watered plants in the pots manifested a similar feature. This common feature 
('an only bo explained as clue to a rhythm quite in harmony *with the seasonal 

inythm. After a slu^rt period of depression in the rate there is a second spurt in 

the growth, fhis starts during the early part of April after the early summer 
i^nd cuds by about tho middle of May as represented by the curve 
{h) of the graph, 'J he duration of this period is shorter and the magnitude is also 
less although the water-content of the soil is much higher. But the temperature 
goes on mereasing being in the neighbourhood of 9r>^F or slightly more by the end 
ot April. The second curve is clearly separated from the first and is seen in all 
plants and tludr branches sprouting in time and having a large number of leaves 
added to their branches. As instances may bo cited species of Moms, Bigyionia 
Whore there is some delay in sprouting or where the number of leaves 
actaecl during the period is small, the first and second curves cannot be differentiated. 
^ le gro^vth rate is veiy low from the middle of May for a period of about a month. 

e temperature^ during May is usually high, ranging from 95-100 degrees and 
on y on rare occasions during the month touching even 100^ this being noticed 
\ y tor a day or two. The period of tw^o months April and May is characterised 
which are often preceded by the thunder storms. Total 
[nnvi ^ this period including the last week of March will be about 4 or 6 

account of the heavy electrical charges it may be 
expected that the rams during this period add lot of Nitrogen to the soil. With 
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the advent of June the temperature gradually goes down, and with the >vater- 
content of the soil not unfavourable the third growth curve (c) makes its appearance* 
During the second or third week of June the South-west monsoon sets in and the 
conditions seem to be favourable for a high rate. of growth till about the end of 
August. The heavy wind and the constant showers bring down the temperature, 
the maximum for these months ranging from 80 to 85 degrees. In fact this period 
happens to be the longest one for growth noticed during the year, extending from 
about the middle of June till the begiiming of vSeptembcr. I'he total rainfall during 
this period will be about 12-13 inches. Average growth rate is high, and the 
largest number of leaves and internodes arc added on during this season. Even 
the size of the leaves is appreciable. By about the beginning of September the 
growth rate shows a downward trend or depression, and this will be present for 
about 15-20 days. During the later part of September the North-east monsoon 
sets in. The heavy wind so very characteristic of the South-west monsoon is 
absent during the second monvsooii. The temperature also goes up. Bright and 
sharp sun, and heavy showers in the afternoons or in the evenings characterise the 
second monsoon period. While the first monsoon is a season of very heavy rains 
in the Western Ghats area of Mysore, and moderate showers in the maidan parts 
of the State, during the North-east monsoon the maidan parts get more rains. At 
times this rainy season may extend up to the end of November. During this period 
the fourth growth curve (d) for the year manifests itself. The positions of the 
second and fourth curves seem to be almost similar. These in fact succeed the 
first and the tliird which are periods of high rate of growth and the pause after 
these seems to be short. Just as in the previous case the smaller number of loaves 
formed as in some of the plants or slight delay in the response of the plants or their 
parts to the growth-conditions may result in the absence of the sharp distinction 
between the third and the fourth curves. Thus in all plants the first and the third 
are well differentiated, while the second and the fourth may or may not bo. If 
all the curves are distinct there will be four curves, while there will be only two 
big curves when the second and the fourth are not clearly separated from the 
preceding ones. It may thus be stated that the first and the third curves stand 
out clearly. Even the growth rate during these two seasons seems to be more 
than the same during the other two periods. We may say that the first and the 
third may be taken as the major growth curves while the other two as the minor 
ones. Countless number of perennials can be cited as example for this feature. 
This situation in the annual cycle reminds one of a similar picture in the daily cycle. 
Although usually two periods of high growth rate are reported as the general daily 
feature, there are in some, according to Friesner (1920), 2-4 peaks in the daily 
growth-rate in plants. 

All these growth curves are slightly smoothened for a general representation. 
While the smooth curve generally holds good for the plant with a low rate of leaf 
production this is noticed to be composed of series of smaller curves in all plants 
with a large number of leaves, added during a season. The finer curves or 
‘oscillations' noticed in the leaf sizes and the lengths of the intornodes are notic^ 
in the sunspot number also. This makes one suspect the presence of a relationship 
between the two. 

While the previous general description has dealt with mostly the perennials, 
it may be stated that even the annuals show the same parabolic growth variation 
with finer ‘oscillations' in the curve. The growth of an anntial can be compared 
to a seasonal branch, and what is noticed in the former is but an image of the latter. 
These curves may be pronounced or not, depending on the season in which the 
annual or the seasonal branch Starts its growth activity. It has been a common 
observation that the annuals cultivated during off-season rarely grow well and the 
belated sprouting of any branch will manifest a similar feature in its subsequent 
growth, since growth conditions are not quite favourable. The best results are thus 
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obtrRUiCKi tho period of cultivation and the seasonal growth conditions agrro* 

The following diagrammatic Hkctches (Fig. 3) will illustrate this point. Even with 
the best of cultivation one may got different results since seasonal factor will 
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< IrupiiH Hliovvinn th<- n'latioiisfiij) scasomil conditions (1) and growth of 

plaiit-])artH {’2), without ugrcciiioiit (a) and witli agreeinont (b). 

indiu^iue Uie growth cnuditioiis in a significant manner. These are seen in (a) 
and (/>) ol (h<^ figure. Tliis af)|)ties not only to tho flowering plants but also to 
the n()n-tlow(Ting. 

pARABoru; VARIATION IN GROWTH 

For (l(‘s<‘ril)iag this feature countless number of plants had to be selected and 
critically Hludi('(l from time to time. Although most of the plants happen to be 
Angiosperms a f(^w representative forms from otlu^r groups have been selected 
to uihierstand the working of this growth principle in them. Members like 
Spirofjyra, TAam, SanjaHsutn, Ayaricm, Riocia, Marchantia^ Lycopodium, Selayi- 
neJlu, OphloijlosHuw, Adiuntum. Anplemium are some of the cryptogamic plants 
ihcliult'd in this although many others have also been studied. Cycm, Araucaria 
and Pluir^ s])i‘ci(‘S are tho (rymnosperms selected, while among the Angiosperms 
the number of plants studied are too many to be listed, but the plants described 
in this section and others tnay be taken as the representative forms of tho groups. 

CUYPTUliAM.S AND GyMNOSPERMS 

1. ; Spiroyyra : A few iilaments have been examined and the lengths 

of the successive cells have been measured. The following figures (Fig. 4) shows 
a sketch of the filament (a) and the lengths of its successive cells (ft). The details 
incorporated refer to a filament which was neither too young nor too old. From 
the figure it can be seen that there is a significant difference between the shorter 
and the longer cells. Younger filaments show even more pronounced oscillation 
in size on account of the intercalation of cells with meristematic nature. This is 
represented in (ft) of the figure. Even in an old filament a significant difference 
is noticed in the lengths of the cells and this difference between the longest and 
the shortest cells of the filament being about 40 percent or more. The study of 
tho zygotes and their size variation could not be taken up since several other factors 
are involved in their development and size. 

( f/tara : The lateral branches at the nodes of the older branch were separated 
and several of these have been studied in connection with not only the lengths 
of the internodes but also the sizes of oogonia and intheridia as also then* distribu- 
tion on these branches. The diagrammatic sketch (Fig. 5) of a btanch, and the 
data connected with tho sizes of the sex organs introduced below will convey 
an idea of the degree of variation. In all the branches the first internode was the 
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shortest and the node just above this was devoid of the six organs, hence sterile. 
Usually the 2ud, 3rd and the 4th nodes, and occasionally the 6th also, bear the 
sex organs. It is generally noticed that the best sized oogonia and antheridia are 
borne at the 3rd node. Next in order are the l>asal ones, while the distal ones, 
usually the topmost, are the poorest. The last ones are very much reduced in 
size, and at times missing also. In the older branches it was noticed that only 
the lower two oogonia had developed into the oospores demonstrating the greater 
robustness of the lower two. The several nodes above the 4th or the Hih are 
invariably sterile. 



Tkxt-fig. 4. Tbxt-fig. 5. 


Diagrammatic representation of Spiro<fyr(i filament Chnra ‘leaf’ with oogonia and 

(a) and lengths of the successive cells (b). anthoridia.l, 2 and 3 order of sizes. 

Sargassurn : Two diagrammatic sketches of one of the species of Sargassum 
are introduced in (a) and {b) of the Fig. 0. The entire plant is represented in (a). 
The general outline of the plant reminds one of the outline of a branch (6) of the 
plant, and this in its turn approximates to the outline of one of its leafy structures, 
or "phyllode’ (c). The most robust branches seem to be distributed about the 
middle. The ‘phyllodes’ are also larger about the middle of the branch and the 
basal part seems to be next in order of vigour while the distal part appears to be 
the poorest as is evident from the smaller ‘phyllodes’ on this part. Even in a 
single leafy part the middle portion seems to be more vigorous than the ends. In 
several other algal members, belonging to the Green, Brown Red Algae, a similar 
feature is met with, and it is unnecessary to describe them in detail since the above 
description and a casual mention of others should suffice. 

2. Fungi : Rhizopus^ Agariens and Coprinm are the forms selected from 
this group though for a brief study. In Rhizopm cultures it was noticed that 
the &st formed sporangia were often slightly smaller than those formed subse- 
quently and the last formed ones were also smaller. This knowledge may be use- 
ful in the isolation of the sporangia and the spores for a healthy culture of the fungus. 

In Agaricus and Coprinus the gills were separated and the sizes of the spores 
along the length of the gill were critically studi^. It was noticed that the middle 
of each gill generally bore slightly larger spores than the ends. These were slightly 
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longer and of a larger diaraoter. With this knowledge of the vigour distribution 
in tlie gill it will be easy to isolate the desirable spores so important in the cultiva- 
tion of edible fungi. 

3. lirynphytM : A general study of a few representatives like Riccia, Marcluin- 
iiu and one or tw(; rnosses were taken up. Not only external but also internal 
Htru( 7 ture of the forms was thought of, and this w'as mostly connected with the 
growth pee\iliaritieH. ft has been a common observation that the thallus of 
Riccia and Marchutitin and other liverworts which possess a thick thallus show the 
tbin ends and the thicker middle part. The width is more about the middle and 
tlie tw(; ends are slightly narrower. The margin is thirmer than the -middle part, 
and shows f)oorly developed chlorenchyma and parenchyma. MarcJiardia and 
Homf^ others show larger numl)er of ‘chimneys’ as also better sized ones per unit 
area about the middle, while those towards the margins are fewer in number and 
smaller in size. 'I’he gametophores of Bryum and Polytrichum species show ttie 
poorly dev(‘lope<l basal and the terminal ‘leaves’ with the more robust and better 
formed on(‘H about the middle. 
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sporangia generally bear larger spores. There seems to be greater uniformity in 
the sizes of the spores developing from the middle |)art of the strobilus than from 
the ends. 

Even in Ophhgloamm the sporangial size-variation is a significant feature of 
the sp^e (Pig. 7). The sporangia are arranged in two rows along the spike, and 
of these two or three on either side towards the base and more than this number 
towards the distal end of the spike show' a reduced size. These show a high degree 
of variation in the sizes of the spores, the smaller ones being more numerous. The 
sporangia about the middle are invariably larger and the spores are more uniform 
in size as also larger. 

A few of the ferns have also been studied. A photograph of Aspknium 
(Fig. 8) is introduced in Plate IV. It is possible to notice in this plant also the 
features met with the other members. The sizes of fronds show a parabolic varia- 
tion. The smaller fronds precede and succeed the larger fronds formed during 
the middle of the season, one kind gradually merging into the other. Even in 
fertility the fronds about the middle are better than those towards the two ends, 
the latter showing a gradual decrease in this with the resulting sterile fronds at 
the two ends. The distribution of fertility in a single frond shows the same feature. 
A long basal sterile region is succeeded by a longer fertile part and this is followed 
by short sterile part towards the apex, as is well illustrated by the sporangial dis- 
tribution along the length of the frond. There is also a transition from the com- 
pletely sterile marginal portion to the fertile region towards the midrib. The 
width of the frond as also of the sporangial zone increases gradually from the base 
towards the middle and sharply tapers towards the apex. Even the density of 
the sporangia seems to be more in this region and gradually becomes poorer towards 
the margin and the ends, with the sterile region succeeding this. All these can 
be clearly seen in the figure. 

Adiantum is the next genus selected. On account of the compound nature 
of the frond and a slight variation in the distribution of the sporangial region this 
was taken up for a critical study. The highly branching frond of Adiantum forms 
a striking contrast to the simple one of Asplenium. Here also the first and the 
last formed fronds during a season are small and sterile, and between these and 
the large fertile fronds about the middle, there are those occupying an intermediate 
position. The middle ones are not only large but also bear the largest number 
of sporangia, and even these show regions of varying fertility and growth vigour. 
From the small and sterile leaflets towards the two ends — basal and distal — there 
is a transition in growth and fertility to the middle part where the leaflets show 
a highly increased growth and fertility as seen by the larger leaflets with the larger 
sori and sporangia and a larger number of these. Just as in the previous forms 
the larger spores and larger sporangia generally go together. 

6. Oymnosperms : Many members have been observed but only Cycas, 
Pinus and Araucaria species have been introduced in the descriptions. In Cycas 
the leaves forming the crown show a parabolic size variation, the basal and the 
distal leaves being a little smaller and showing a transition to the larger ones about 
the middle of the crown. Even in a leaf the pinnules towards the base and the 
apex are smaller while those about the middle are larger. A variation of 12-15 
per cent or more is noticed not only in length but also in breadth. Even the persis- 
tent leaf-bases of a season show the same feature, the middle ones are larger than 
those on either side. In the male cone one can notice the successive sj^rophylls 
showing the same parabolic variation in growth-vigmu’ and fertility as is evident 
from the reduced and sterile or partly sterile sporophylls towards the base and 
apex and the well developed ones towards the middle. The diagram introduced 
below fFig. 9) will show some of the points mentioned above. The larger sporophylls 
invariably b^r larger sporangia and larger spores. The i^ividual sporophyll 
shows the sterile distal and basal parts and a fertile middle region which is generally 
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broacier also. In a section of this part it is observed that the larger sporangia 
are concentrate<l towards the middle and that the smaller ones are towards the 
margin. The .sizc-s of the spores also vary proportionately. 



Tkxt-fio. 9. 

Sectional view of the male cone of Cycas circinalw. 


The me^asporophyllft also are similar. In the cluster of sporophylls it is 
noticed that the first formed ones which are very small and without any ovules, 
are towards the base. Gradual increase in size and fertility as the middle ones 
are approached and a steady fall of these in the sporophylls towards the top 
characterise the cluster. This is denoted by the size and number of ovules. From 
the sporophylls towards the base and without any ovule there is a gradual appearance 
of reduced number of smaller ovules on those just above, and these arc succeeded 
by the sporophylls about the middle with larger ovules and a larger number of 
those on each. There is again a gradual reduction in the number and size of the 
ovules towards the top. These ovules on the basal and distal sporophylls show 
a very high percentage of degeneration during the later stages of development, 
[n each sporophyll it is noticed that the basal and distal ends are sterile and only 
the middle part bears the ovules. Most of the ovules towards the base either 
develop into very poor seeds or degenerate during later stages. 

A few species of Araucaria and Pmus have been studied and a brief account 
of those is given below. Fig. 10 is a photo of Araucaria cookii. In this plant the 
lowermost lateral branches are shorter than those above, and even after years this 
initial difference in growth vigour is maintained. On each lateral branch there 
are several smaller branches (dwarf branches) arranged in two series, and the latter 
bear the small leaves. The lowermost as well as the topmost leaves are smaller 
than those about the middle. 

Other species of Araucaria are also similar. In A. bidwilli the ‘dwarf’ branches 
persist for a few years. Any of these old branches will clearly illustiate the effect 
of seasons, by the varying sizes of the scale leaves formed along the length of tha 
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branch. The general outline of the plant is conical with the shari)ly tapering base 
and a gradually tapering distal end. This holds good for any of the branches 
arranged in whorls on the main axis. What is noticed in Araucaria is noticed in 
many other conifers also. As examples may be cited the several species of Cupressm 
and CcUlifris. 

In the case of Pinus an attempt has been made to study the lengtii of the leaf 
(‘Needle’) and the sizes of cones and their sporophylls. The stem bears the scale 
leaves all over. These are smaller and crowded along a part of the length and 
this is followed by the part with larger scales showing a better spacing. Thus in 
the annual growth of the stem one will notice the alternating lengths of these denot- 
ing higher and lower growth-rates. In the ‘needles’ formed during a season also 
the varying growth vigour is noticed. The lower ‘needles’ showed an average 
length of 6-7 inches, the middle ones measured to lOJ inches, while the needles 
towards the distal end were ranging from 8 to 9 inches in length. The male and 
female cones of Pinus were next taken up. The Photo (Fig. 11) of the female 
cones is given in Plate V. In both, the parabolic variation in size and fertility 
is noticed. The small sterile sporophylls towards the base of the cone, transition 
to the larger and fertile ones towards the middle and a gradual decline in size and 
fertility of the sporophylls towards the distal end remind one of a similar situation 
in the other forms already described. The size and fertility of the ovules as also 
the size of the pollen grains are closely related to the size and vigour of the sporo- 
phylls. A general study of the cones of Araucaria and others has revealed that 
these also show similar features. 
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Absteact 

Cyiochoiiiical tocluii(aios havo been oiuployocl to dtuoonutiato tbo localisatioii of alkalino 
phosphatase, RNA and IDNA, and protein in the different cell-types in the body of hydra. 
The epitlieiiomugcular cells show a m^gativo roaotion for alkaline pliosphatase arnl basophilia 
except in the nucleolus, but a positive roaotion for protein. The nuclei are largo and faintly 
stained. Tho interstitial colls are rich in RN.V and protein but show only traces of alkaline 
phosphatase. The nuclei aro sinallor with condensed chroinatin. In tho cnidoblasta, tho 
neniatooysts differ in r< 3 actions and the nuclei aro poorly n^otivo. Tho nerve and sensory colls 
are also poorly localised. In tho entlotlerin, tho secretory gland cells show intons*) reaction 
of thorn) substances in the cytoplasm. Tho nucloar Foulgen reaction is similar to those of the 
interstitial colls. Tho iiutritivo muscular cells have rich alkalino phosplialtist) and some protein 
but little basophilia. The nuclear conditions arc similar to those of the cpitholioinuscular cells. 
Tho diff(u-cnt regions of tho body— tentacle, hypostomo, stem and basal disc - have distinct 
oytochomical patterns. Tho results aro discussed in relation t^ their fimctioral significance. 

Introduction 

111 contemporary Biology, application ot cytochemical techniques to under- 
stand the functional aspects of cellular organisation is becoming increasingly 
evident. Detection of various cell-substances at sites of their activities yields 
valuable data concerning their role in the vital processes. At the same time, such 
findings also provide an index of the function ot a cell in relation to others at the 
various levels of activity. The body of hydra is composed of only seven types of 
cells which carry out all vital functions. Further, hydra shows an almost unlimited 
power of regeneration and growth. Kedrowski (194J), Brien (1942) and lately, 
Tardent (1954) have found a rich deposition of ribonucleic acid in the interstitial 
cells. In a preliminary communication (Sanyal and Mookerjee, 1956), the two 
cell-layers, viz,, ectoderm and endoderm, have been reported to possess markedly 
different concentrations of certain substances including RNA. A cytochemical 
study of the different cell-types in the body of hydra is now undertaken ^ under- 
stand their functional significance. The localisation of the enzyme, alkaline phos- 
phatase, the nucleic acids (RNA and DNA) and protein is followed. 

Matbbial and Methods 

Hydra vulgaris Pallas (phase orientalis Annandale, 1911) was used in this 
investigation. Specimens were collected from local ponds and grown in the labom- 
tory. They were cultured in glass aquaria containing tap water and ^ 
plants and were fed with daphnia. Prior to fixation, they were starved for 24 hou^. 

Hydras tend to become rounded on fixation. This could be prevented by 
suddenly showering a jet of fixative on the animals from a jpipette. They were 
dehydrated in alcohol and embedded in paraffin. Sections of to ^/ thickness 
were made. Gomori’s technique (Gomori, 1952) was used for the de^tion ot 
alkaline phosphatase, with chined 80 per cent alcohol as i 

cerophosphate as the substrate. Sections were incubated at 37 L tor 1-3 hours 
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at pH 9.4. For ntiidy of distribution of RNA, material was fixed in Zenker’s fluid 
containing .1 cent awtic acid and stained in O.l per cent toluidine blue in 1 
I>cr cent alcohol. Tlie Feulgen technique (after Glick, 1949) was followed for 
DNA. Carnoy’s fixative was used and hydrolysis in IN HCl for 7 minutes was 
found most suitable. For proteins, the Hg-BPB reaction described by Mazia et 
nl, was employed. Fixation was done in alcoholic Benin’s fluid. An alco- 

holic solution of 9.1 per cent bromophenol blue containing 10 per cent mercuric 
chloride was used. All tlie preparations were mounted in Canada balsam. 

Results 

1. Alkaline phoMphuia^se in the cell4ypes of hydra : 

Localisation of alkaline phosphatase (Fig. 1) presents a sharp contrast between 
ectoderm and endoderm cells. The ectoderm cells with the exception of certain 
nemato(‘yst8, an^ less reactive, whereas the endoderm cells are the most positive 
ones. 

In the epitheliomuscular cell, the nucleolus is the centre of highest activity, 
and the nucleus shows only traces of the enzyme, but the cytoplasm is negative. 
The interstitial cells show a moderate reaction. Here again, the nucleolus is the 
centre of highest concentration. The cytoplasm is very faintly positive. The 
different types of nematocysts differ in their phosphatase content. The smaller 
nematocysts, belonging to the volvent and glutinant varieties, which are more 
numerous on the tentacles, show the highest reaction; penetrants, also common 
on the body, arc negative. In some cases, penetrants are also found to show a 
positive reaction. Discharged and undischarged nematocysts of the same type 
are also found to shiiw a similar reaction pattern. The nerve and sensory colls 
are similar to interstitial cells. 

In comparison, endoderm colls show much increased phosphatase content. 
All endoderm cells are uniformly positive. The maximum concentration in the 
cytoplasm is found on the free border lining the coelenteron. The secretory gland 
cells have a denser and slightly more positive cytoplasm. The nuclei of endo- 
dcrmal cells are more positive in comparison with their ectodermal counterparts. 
The nucleolus is dense and surrounded by a positive nucleoplasm. The meso- 
gioa is thin and negative, 

2. Basophilia in the cell-types of hydra : 

Basophilia varies sharply between different cells of both layers (Fig. 2). In 
the epitheliomuscular cell, bavSophilia is restricted to nucleolus, the nucleus is non- 
rcactivo and granular in appearance, but the cytoplasm is absolutely negative. 
The basophilia is most intense in the interstitial cells. The C 3 rtoplasm, which is 
a small area round the nucleus, is most positive. The nuclei are smaller in size 
but similar to those of the epitheliomuscular cells, in basophilic content. Corres- 
ponding to the different sizes of interstitial cells, the stainability also varies. Some 
of them show a weaker reaction. Different types of nematocysts, again, differ 
in their basophilia. The volvents and glutinants with short and uncoiled threads 
show violet metaclmomasy, while glutinants with long and much coiled threads 
are negative. The penetrants are mostly negative, but some of them show a positive 
reaction. There is no reaction difference between discharged and undischarged 
nematocysts. The differentiation of the cnidoblast is full of interest. The process 
is initiated by the appearance of a clear area within the cytoplasm. This area 
gradually increases in size and pushes the nucleus to one side. The nucleus ulti- 
mately becomes sickle sha{)ed and loses the characteristic basophilic reaction and 
sliows a taint granular apj^arance and the nucleolus disappears. Nerve and 
sensory cells are smaller in size and have a moderate reaction. The nuclei of the 
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nerve cells are granular and the nucleoli are not visible. The sensory cells are 
similar to interstitial cells. 

I, nutritive muscular cells the nuclear reaction is similar to the emthelial 

cells. The ground C 3 rtoplasm is also generally negative but a number of faintly 
stained large round granules are sometimes seen. The secretory gland cells nA 
the most positive ones among the endoderraal cells. These are smaller cells, found 
in between the nutritive cells. In sections they generally appear ovoid, the cyto- 
plasmic part of the cell facing the coelenteron being filled with large round particles 
which give a negative reaction. The cytoplasmic part facing the mosoglea shows 
no such particles, but a highly basophilic reaction. The nuolous is situated in 
this basophilic pact of the cell. The mesogleal wall shows a negative reaction. 

II. Feulgen reaction in the cell-types of hydra : 

Feulgen reaction is limited to cell-nuclei (Fig. 3). Nuclei of epitheliomusoular 
cells show uniformly moderate reaction. The nucleolus is prominently seen. The 
nuclear volume is greater than that of other ectodermal cells. In the interstitial 
cells, nuclei have smaller volume, and the intensity of reaction is greater. The 
appearance is granular and in contrast to that of epithelial cells, the chromatin 
material is condensed. The nucleolus is not discernible. A number of nuclei 
have been observed in different stages of mitosis. In the cnidoblast the nucleus 
is attached to the base of the nematocyst capsule, and often appears sickle shaped. 
Like the interstitial cells, the nuclear volume is less and the intensity of the reaction 
is greater. Nucleolus is not visible. There is no mitosis. 

Nuclei of the nutritive muscular cells are exactly similar to those of the epithe- 
liomuscular cells. The nuclei of the secretory gland cells are similar to those of the 
interstitial cells. Mitosis is rare in the endoderm cells. 

4-. Hg-BPB reactions in the cell -types of hydra : 

The Hg-BPB reaction results in a blue stain indicative of protein localisation. 
All the cells show good reaction, but the intensity is not same for all typos of cells 
(Fig. 4.). 

The epitheliomuscular cells, which have not been found to show much of 
basophilia or alkaline phosphatase, show moderate reaction for protein in the 
cytoplasm. The reaction is not uniform but strands of stained material are recog- 
nisable in the cytoplasm. In the nucleus, the nucleolus shows intense reaction. 
There is a clear area in the nucleolus. In the interstitial cells, the cytoplasm shows 
a uniformly positive and intense reaction. The reaction of the nucleus is similar 
to that of epitheliomuscular cells. The cnidoblasts show a moderate reaction, the 
nematocyst capsules, the nuclei and the cytoplasm showing faint stain. The nerve 
and sensory cells also show faint reaction. 

In the endoderm, the nutritive muscular cells are similar to epitheliomusoular 
cells of ectoderm, but show a larger cytoplasmic area. The secretory gland cells 
have uniformly stained granular cytoplasm. As in basophilic preparation a large 
number of round bodies are sometimes seen in the endoderm which gives a very 
strong reaction. Mesogleal wall shows a highly positive reaction. 

5. Histochemical difference at the various regions of hydra : 

Apart from the cell-types varying remarkably in their cytochemical make-up, 
the different regions of the body — tentacle, hypostome, stem, stalk, and basal 
disc — show certain distinctive features in their histochemical^ patterns. These 
regions are formed by the participation of different types of cells in varying propor- 
tion (Mookerjee and Sanyal, in the press) and often contain certain specialist cells. 

Tentacle — ^Tentacular ectoderm is formed largely by the volvent and glutinant 
nematocysts and a few slender epitheliomuscular cells. It is highly positive for 

3 
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alkaline pho«phaUf>€^ and shows violet metachromasy of basophilia and a faint 
reaction of proteins. The nuclei are pycnotic in appearance. Endoderm is formed 
solely by nutritive muscular cells which are of smaller size and highly vacuolated 
nature resulting in weaker reaction for all the tests. 

flypostome — The ectoderm is formed by epitheliomuscular cells, cnidoblasts 
and a fair number of nerve cells. The region gives a w^ak histocheraical reaction 
for alkaline phosphatase and RNA but moderate reaction for protein. The endo- 
derm is highly interesting. The endodcrmal wall is thrown into a number of folds, 
the free surface of which (cells guarding the inner side of the mouth opening) is 
formed by a row of specialized gland cells. This innermost layer in the hypostomal 
endoderm is highly positive for alkaline phosphatase, RNA and protein. In fact, 
it is the region of highest cytochcmical activity in the body of the hydra. The 
inner [M)rtion oftlie folds, formed largely by nutritive muscular cells, appears vacuo- 
lated and shows only a moderate localisation of these substances. 

Upper region of the body — The ectoderm abounds in interstitial cells. Tlie 
ectoderm shows weak reaction for alkaline phosphatase but intense basophilia. 
The endoderm is rich in alkaline phosphatase and shows a moderate basophilia. 
Protein is present in about the same quantity in both the layers. 

Static — (.’ytochemical activity in the ectoderm of stalk is weaker, due to the 
scarcity of interstitial cells; otherwise this region resembles the rest of the animal 
in essential points. Endoderm cells are vacuolated like those in the tentacles and 
secretory cells are fewer resulting in weaker histochemical reactions. 

HaMul disc -The (ectoderm is formed only of specialised muscle cells and nerve 
cells which form a (lat surface for attachment. The cytoplasm of the muscle cells 
shows a fibrous appearance. It gives a diffuse and moderate reaction for alkaline 
phosphatase and i)asophilia but the cells arc rich in protein. Endoderm adjacent 
to basal disc shows a greater substance localisation than the neighbouring endoderm 
of the stalk. 


Discussion 

The results of this study of substance localisation in hydra show^ that the 
different cell-types vary in tlieir cytochcmical make-up. Text-Fig. 1 presents a 
comparative ai^coimt of localisation reaction in the different cell-types. Most 
active arc the interstitial cells of ectoderm and the secretory gland cells of endo- 
derm. The former comprise the most numerous of the cell-types in hydra (Mookerjee 
and Sanyal, in ike press) and the intensity of substance localisation in them, specially 
that of RNA, is suggestive of great synthetic activity. In view of their well-knowm 
[)roliforative nature, and the not infrequent mitotic figures, the interstitial cells 
appear to be the sites of intense protein synthesis. This is also evident from the 
Hg-BPB reaction (after Mazia et at,, 1953) signifying protein localization. Brachet 
(1957) has raised doubts about bromophenol blue as a cji^ochemical reagent, as 
the reaction is greatly modified by ribonuclease digestion. In the present work, 
it has been observed that regions apparently devoid of RNA, e.g., cytoplasm of 
the epitheliomuscular cell, give positive reaction in bromophenol blue. Although 
this is not conclusive evidence, it seems reasonable to assume that regions stained 
by this dye contain some amount of protein. The technique has been specially 
useful for the epitheliomuscular cells, as these cells have not given positive reaction 
tests. The secretory gland cells are the chief sites of RNA among the 
endoderm cells. This is obviously related to their secretory function. 

It is seen that the interstitial cells have little alkaline phosphatase, but it is 
^ that in recent studies (Vorbrodt, 1968) association of alkaline 

phosphatase 'vith protein synthesis has been seriously questioned. 

i' ^ hydra have been repeatedly regarded as totipotent 

(btrelm 1928, Brien and Reniers, 1950, etc.). In the present investigation no 



IS IlVDBA. A.N1> THKIB K«SCTIONAI, SIOSIFirXNCK 


123 


indication is obtained as to their transformation into other cells except into onido- 
blasts. Transitory stages in cnidoblast differentiation could be easily identified 
and the concomitant cytochemical changes could alst) be observed. Of particular 
interest is the gradual loss of basophilia during cnidoblast differentiation. Changes 
in alkaline phosphatase during the cnidoblast formation could not l>e followed as 
most of the structural details are lost after fixation. However, it is seen that there 
is no significant change in the early stages of the process, altliough later nemato- 
cysts are seen to differ in their alkaline phosphatase content. The structural 
changes during the formation of different types of neniatocysts of hydra have been 
recently stuaied“lBy Chapman and Tilney (1959 «, b) with the electron microscope. 
Whatever be the biochemical factors involved in their differentiation, there is one 
common denominator, i.e., loss of cytoplasmic basophilia. A similar loss is expected 
to bo encountered in case of transformation to other ectodermal colls, as basophilia 
in other cells is always lesser. It has already been seen that there occurs a loss 
of basophilia during bud formation and gametogenesis (see Bracket, 1950, p. 440). 
Indications are also available that ribonucleoproteiu particles of the cytoplasm 
in interstitial cells are involved in synthesis of a protein-rich cell product during 
differentiation of neraatocysts (Slautterback and Fawcett, 1959). From all these, 
it appears not unlikely that differentiation of interstitial cells is related to nucleic 
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acid ssmtheeis. Support for this idea is available from the observations of Mookerjee 
and Bose (in the press) where increased gonad differentiation was obtained in hydra 
after exposure to thymus nucleic acid, whereas sodium nucleate from yeast was 
ineffective. 

Absence of detectable amounts of RNA and alkaline phosphatase in the cyto- 
plasm of epitheliomuscular cells and the RNA in nutritive muscular cells poses 
a problem for their maintenance. At the same time these cells are only rarely 
seen in mitotic stages. The nuclear aspects of the different cells are being investi- 
gated by Mookerjee and Nagarajan (in preparation). 

The histochemical pattern in the different regions of the body of hydra is 
understood to be functionally significant. The most active region is found to be 
the hypostome endoderm which, according to McConnel (1929), undertakes the 
acid-phase of food digestion. But how far this is related to the high metabolic 
activity ascribed to this region in the axial gradient concept (Child 1941, for review) 
is not known. The upper two-thirds of the stem also regarded as stomach (Hyman, 
1940), undertakes digestion and assimilation of food and shows greater intensity 
of substance-localisation. Recently Nair and Sane (1958) have confirmed our 
previous observation (Sanyal and Mookerjee, 1956) that the endoderm is highly 
positive in alkaline phosphatase and they have related it to absorption of glucose. 
It is seen that the endoderm is immediately related to the functions of alimentation, 
and the protein containing basophilic bodies observed on some occasions in the 
endoderm cells can bear relation to the state of nutrition of hydra at the time of 
fixation. 

The endoderm cells in the tentacle and the stalk are vacuolated and conse- 
quently show decreased cytochemical activity. But the basal disc, which forms 
the organ of attachment, shows a comparatively higher localisation reaction in 
both the ectoderm and endoderm in comparison to the stalk. Kepner and Miller 
(1928) have distinguished the endoderm adjacent to the basal disc as a distinct 
histological region. Cytochemical findings suggest that these are involved in the 
secretory processes of those cells. Accumulation of RNA in this region points 
to the protein nature of the secretion. 

Finally, the regionality of cytochemical localisations in tentacle, hypostome, 
stem and basal disc seems to lend support to the concept of these regions as different 
individuation fields within the body of a hydra, as has been recently put forward 
(Mookerjee and Sanyal, in the press). 
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Explanation of Plate VI 

Photomiorographa showing oytocheniical localisations in the coU- types of hydra — 

Fig. 1. L.S. of hydra showing distribution of alkaline phosphatase. The reaction is intense 
in endoderm cells. (x900). 

Pig. 2. L.S. of hydra showing distribution of RNTA. Tue interstitial and secret ary gland 
oolla are mest positive. ( x 1100). 

Fig. 3. L.S. of hydra showing cistribution of DNA. Smallei nuolti of interstitial a. id secretory 
gland colls show more intense localisation than tl^e larger nuclei of ©pitiioliomuscular 
and nutritive muscular cells. (xlSOO). 

Fig. 4. L.S. of hvdia showing distribution of protein. • The interstitial cells are most reactive, 
/'w ? ©pdheliomuaoular cell shows strands of stained area within it. ( x 900). 

(Em Epitheliomuscular coll, In — ^Interstitial cell, CJn^ — Penetrant nematocyst, Cn 2 — 

UluUaant nematocyst, Sg — Secretory gland cell, Nm — Nutritive musotilar cell). 
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Explanation op Plate VII 

Photomicrographs showing distribution cf Alkaline phosphatase and RNA in tn© different 
regions of hydra. — 

Fig. 5. Alkaline phosphatase in the hypostomo and tentacle region, note maximum conoen* 
tration in the bordering endoderm. L.S. {x200). 

Fig. 6. RNA in the hypostome and tentacle region. TTie ectoderm is poorly localised, tho 
endoderm is rich in RNA. L.S. { x340). 

Fig. 7. Alkaline phosphatcuse in the stem region. Localisation is more intense in endoderm. 
T.S. (x260). 

Fig. 8. RNA in the stem region. RNA is localised in the interstitial and secretory gland cells. 

The ectoderm shows ^ greater concentration. T.S. (X340). 

Fig. 9. Alkaline phosphatase in the stalk and basal disc re|;ion. Note fibrous nature of the 
ectoderm. The adjoining endoderm is highly positive. L.S. (X390). 

Fig. 10. RNA in the stalk and basal disc region. Tho ectoderm in tho basal disc is most posi- 
tive L.S. {x340). 
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Abstract 


In Mio aliniontary tiact of fi«li Cknuos, a pair of coiiiiilioatoil pharyiigoal pockot8, 
tho spiral inii(?osal folds ia tlio ooHopliagiis, a Bpacious corpus witli p^iaat iiiiicous colls and mossivo 
gastric glands and a highly muscular triturating pylorus arc |>oculiar foaturf*s. They are special 
a«laptati«r\H to a <liot cousistiug of nlgao and molluscs mixed with mud and sand particles. 
.Vnalysis of the gut contiuits of <lifFererit ago grou|>s of the genus ChcinoM, points out that feeding 
habits oliango from fry, through juvontlo to adult, and that the adult fish is not exclusively a 
plankton h'odor. 


iNTIlODircTrOV 

'I'hf Tuorphology and histology of the aliineatary canal of teleostean tishes 
have attnKded the attention of many workers. Reviews of the various investiga- 
tions on the subject have appeared from time to time and therefore, it may bo 
necessary hero to coniine to tlio observations published on the genus (^hanos, 

Oha(;ko (1945) made a brief note on the food and alimentary canal of Chanos 
chnufM (Forskal), which he (1949 and 1956) followed up by a detailed list of the 
food items present in the gut. Kapoor (1954) has given an account of the supra- 
pharyngeal organs of this lish and has pointed out that it is more related to the 
digestive than to the respiratory system. Chandy (1956) described in detail the 
spiral mucosal folds of the oesophagus. Tampy (1958), has critically analysed the 
food of Cfuitios in three arbitrary age groups, viz,y{l) frys and fingerlings, (2) juveniles 
and (3) adults. His analysis points out, as earlier suggested by Hiatt (1944). that 
there are possible changes in the food habits of these fishes, accompanying age 
and growth. 

While studying the oesophagus of Chanos the senior author observed that the 
stomach presented certain peculiarities which needed investigation. Further 
as the ac(^ount8 of the various orgai\s are scattered in the literature, it is necessary 
to make a consolidated account of the whole alimentary canal and review the 
existing knowledge in relation to the feeding habits of this commercially important 
food fish. 


Mateiual and Methods 

bpecimens of adult Chanos fixed in Bouin’s fluid were obtained from Kottayam 
Biological Supplies. With a view to tracing the course of the food-particles, frys 
sjwcially fed on Carmine, wore obtained from Mr. P. I. Chacko, Director, Madras 
J^sheries. For histological studies, sections were cut fit 6-8/t and were stained 
with Delafield’s Haematoxylin and counter-stained with'alcoholic Eosin. Mallory’s 
Triple stain and Hiedeuhains Haematoxylin were also used as alternative stains. 
Meyer’s Mucicarraine was used for the detection of mucous cells. 
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CHANDY & GKORUB : ALIMLEl^TARY TRAnT OF THK MILK^FIHH OHAyOS 12? 
Ecological Considkkatioks 

Ckanos chunos is a large Cliipeoid fish of the family (Jhaiiidae having a wide 
distribution in the Indo- Pacific Ocean, from Red Sea to Hawaii. It is thus an 
essentially marine form; but it invades the inshore waters for breeding. Inciden- 
tally it may be mentioned that Chanm gets acclimatized to fresh water and can 
he cultured in ponds, Chidambaram and ITnnie (194()) have shown that the 
maximum growth of (Ckanos is in freshwater, which clearly indicates that there 
is a change in its feeding habits. The larvae, frys and fingerlings enter tidal mud- 
fiats, canals^and estuaries. There is nothing on record to .show when they go back 
to sea. The genus Chanos is thus an interesting one, which follows certain (jyclic 
pattern in its life-history in different ecological conditions. 

Like the majority of Clupeid fishes it has been customary to classify the Milk- 
jish as a plankton feeder. This is to some extent supported by the edentulous 
nature of the buccal cavity and the presence of long gill rakers which serve as filtering 
apparatus. 

Studies on the gut contents of adult Chanos point out that it feeds on a variety 
of organisms, both plant and animal. Tt would be worthwhile to analyse these 
in detail here, Tampy (1958) critically examined the food items in different age 
groups of Chanos and came to the following conclusions. In the food of the fry 
and the fingerlings diatoms constitute the major portion and in the juveniles, there 
is a dominant occurrence of blue green algae but a relatively smaller proportion 
of diatoms. Nematode worms, spironid larvae (polychaetes), crustacean eggs 
and larvae, copepods, small gastropods and spats of Lamellibranchs constitute the 
chief food items in the adult fish. In brief, diatoms constitute only a relatively 
small proportion, compare<i to other algae in the adult gut (Tampy, 1958), It 
has also been observed that there is always an admixture of sand and mud particles. 
The above analysis points out that the food and feeding habits of Chams differ 
in pattern from fry to adult, By the present study it has been possible to correlate 
the morphology and histology of the various parts of the alimentary tract to the 
feeding habits of the fish. 


(Iiioss Atsatomy 

The alimentary tract of CJvanos consists of the buccal cavity, pharynx with 
pharyngeal organs, oesophagus, stomach, intostine with its numerous caeca and 
rectum (Fig. 1). The buccal cavity and pharynx constitute the organs of inges- 
tion or the ‘Kopfdarm’ while the rest of the organs are the ‘Rumfdarm* of Banki 
(1936) (op. cit. Brown 1967). The oesophagus and the stomach together form 
the foregut, the intestine, the midgut, and the rectum, the hindgut. Each of the 
major regions of the digestive system of this fish is distinctly demarcated externally 
and is therefore seen easily in gross anatomy. 

The mouth is small, transverse and terminal. It is bounded by jaws which 
are without teeth. None of the bones of the cranium or branchial arches bears 
teeth. The buccal cavity is small and immediately leads to the more spacious 
pharynx. The gill arches are four in number and each one bears on its inner border 
rows of gill-rakers which are united at their ends by a common connective tissue. 
The gill-rakers are numerous, close-set, long and slender. Those of the successive 
arches intersect the gill slits so as to form an effective sieve, 

A distinctive feature of the pharynx of Chanos is the presence of a pair of 
pharyngeal pockets, formerly known as ‘gill-helix' or “suprabranchial organs" — 
a feature also shar^ by other Clupeid genera, like Oadusia, Hilsa and Dorosorm. 
The pharyngeal organ consists* of a highly muscular sac and a canal passage, inter- 
nally lin^ by rakers. Anatomical and histological studies point out that these 
organs are diverticula of the pharynx. (For a full description, see Kapoor, 1964a). 
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Microfioopw:*i.l sttidy of the contents of the pharyngeal organ shows the presence 
of f<KKi particles along the canal passage as well as in the sac. Carmine-fed finger- 
lings oorrohoratCKl these findings, pointing out that the organ is concerned in 
collection aiul direction of food from the pharynx to the oesophagus. 



*rKXT-frl<i. I. 

UmKr«m «h..winK aliiiu.nwry i-aiml of Cham^ (Korskol). an amii, ra « 

Mtomaoh; i«.. uito»titw;; »».<•.. itit.'.stinul o««., ocsoplmaim- nh o 

phttryng.<«l organ; rr.. rootum. «pn»g<i8, pn,o.. 


After giviug oir tho pharyt.gcfti orKaiis, tiie alimentary tract narrowH con- 
Hiderably and upo.is mt<. the uesophaKUB. Tlw eesophagns pierces the septum 
tran«ver«um and omergeH into the i^ritoneal cavity. The oesophagus is a straight 
narrow, somewhat tlattened tube, ol more or less uniform calibre, with a fairly 

il ‘^1“’ oesophagus by a median longitudinal incision, it is 

^n that the mucosa «s rawed into a series of closely arranged folds about 20 -o > 
ui number, making a spiral coil, like the threads of a screw along the whole lenerh 
of the oesophagus, (tor full details, see ("handy, 19r,b). ^ 

Following the (toimotation of the comparative anatomists, the stomach or 
vontnculiis m a vintobrate animal is defined as that part between the terminus 
of the oesophagus and the beginning of the intestine. ^Accordingly the stomach 
ui CWs ucoupies an extemive portion of the alimentary canal’ between the 
o^ophi^us anteriorly and the cluster of intestinal caeca,' posteriorly. On un- 
coihtig the alimentary oarial, tho stomach is seen to consist of two distinct Darts 
the corpuH or provontriculus and the pylorus or gizzard The oornns thF /ir. 
(•ending loop and tho pylorus the iwcoSing loop.^Sich run naralle to tS . 

.t th. autorior Ipl of th. lair, 

stomach presents differential thickening which is 
discormblo externally and the presence of three distinct 7nnps in if 

boratofi by histological study The pyloric diSr demfrel] w fK®” "r"' 
ooustriction, is modified into 'a pyriform gizzard with glistening wall ^ The 

following the gizzard, receives internally a series of openings about l^in^U 
are arranged m three piles. These openings comiicSd wdV^fkp 
caeca, numbering about 120 to 150 Intestinal oao^oa at. intestinal 

finger-shaped organs of different lengths. They forn^^ ‘'f branch^ 

in the space between the pyloric stomach and^ tL Toons ““t 

more or less of uniform diameter and Da^es imr^rcSi • »«‘estine. It is 
not morphologically different from tho^hSinT*^ ^ ^ rectum, which is 
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Tbe liver is a bilobed organ, extending over the entire length of ^e oeaoiiiMigus 
which it conceals. The gall bladder is situated in between the two Ihrcr kram. 
The bile duct takes a straight course posteriorly and opens into the first part of the 
intestine amidst the cluster of intestinal caeca. In vertebrates, the kwation of 
the opening of the bile duet lends a clue to the exact boundary between tite stomaoh 
proper and intestine. 

The pancreas is diffused and the different patches are scattered in the mesen> 
tenal fol^ surrounding the intestine and the intestinal caeca, which are also inter- 
spersed by adipose tissue. The lobes of pancreas are seen in transverse sections 
adhering to the intestine. 

Histology 

The histology of the buccal cavity, pharynx and pharyngeal organ has already 
been dealt by Kapoor (1954a) and that of thie oesophagus by Chandy (1966). The 
present account, therefore, deals with the histology of the rest of the alimentary 
tract, posterior to oesophagus 

The Stomach : 

The wall of the stomach is constituted by the usual four layers, viz., serosa, 
muscularis, submiuosa and mucosa. These' layers are by no means uniform 
throughout the extensive stomach Their variations bring about some arbitrary 
differentiations, that one notices three distinct zones in the corpus as already des- 
cribed. The first is the anterior, transitional zone immediately following the 
oesophagus, the second or the middle zone lies in the descending loop and lastly 
the third zone which ad|oins the gizzanl. 

The serosa is a narrow but distinct layer of membraneous tissue, with a large 
number of nuclei, arr.angcd m two to three piles. Blood vessels course between 
serosa and the layer of muscles beneath. The muscular layer is differentiated into 
an outer longitudinal and an inner but broader circular bands. Submucosa is a 
loose network of connective tissue and is highly variable in the different zones. 
Mucosa, the most characteiistic tissue of the stomach, is made of coluinnar epithelial 
cells which have undergone modifications to form mucous and gastric glandA, 



Transverse aections-A. TraAntional rone. B. Cardiac of CAo^. fc.v.. 

blood vessel: c.m./., circular muscle fibres; g.gl.. gM*”® 

mucous cell; «.e.c., stratified epithelial cells: M.mf., striated muscle fibres. 
sub mucosa; t.m gl., tubular mucous gland. 
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While the general histfdogy of the stomach is as described above, slight varia- 
tions in the three eonee are noteworthy. In the transitional zone which is between 
osRopha^^ and stomach proper, the musculature is thick and the muscle fibres 
are distiRctly of the striat^ nature. The submucosa is a broad layer with numw* 
ons large capillary vessels. In the submucosa there are present tubular glands 
with giant cells. Each gland is made up of cluster of cells, which are filled with a 
clear, hyaline fluid. The nucleus is basal and it takes a light stain with haema- 
toxylin. They differ in size and their staining reaction from the mucous cells of 
the oesophagus and the gastric glands to bo described later. Whether these giant 
glands of the first zone produce only mucous — they do give a positive test with 
mucicarmine—or whether they produce any enzyme, it is difficult to comment 
from mere histology. The mucosal epithelium resolves into numerous villi-like 
structures. The cells at the distal free end of the villi show complete stratification 
(Rg. 2A). 

Tlie middle zone presents a very characteristic and interesting feature. The 
columnar epithelium is mcMlified to form the gastric glands which sink deep below 
the inner border. The glands arc tubular and branched. The glands are numerous 
and form a very c<jmpact mass, <M;cupying a major belt in the thickness of the wall 
(Fig. 2B). A comparatively thick zone of muscles, resolved into an outer longi- 
tudinal and an inner circular layers, surrounded the glandular belt. The muscles 
are of the striated nature as in the first region of the stomach. But as the corpus 
passes into its last zone, a change from striated to smooth muscles is clearly visible. 
This is an interesting feature of the histology of the stomach and points out that 
a major portion of the corpus is under voluntary control of the fish. 

The third or the last zone is characterised by an extremely thin peritoneum 
and a thin .smooth muscle layer, where circular layer of muscles is distinctly seen, 
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Tran»v®n» sootions-A. Pylorio stomach of ChanM. B.'samo much enl«r.r«,i 
vewelj c.o.«. columnar epithelial oell; «♦.. cuticle: e.m.f., oirc^ iuh^Ia T 

mac., muooea; «r.. dero^; ,.e.c.. st^tih^d opithelilTiX^". 
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while the longitudinal muscle fibres are seen with difficulty, t'he mucosa is an 
insignificantly thin layer with little or no glands. 

The wall of the pylorus or gizzard is composed of the same series of coats as 
those of the ooi^pus, viz., serosa, muscnlaris, submucosa, and mucosa (Kg. 3A). 
But each tunic in it has undergone great modifications. The serosa id very much 
reduced and consists of few layers of cells. Blood capillaries are seen to course 
along it. The muscular layer reaches the maximum degree of specialisation^ Tlfis 
layer is composed solely of circular bundles of smooth muscle, the lot^tudinal 
muscle bundles being totally absent. The hypertrophied circular layer of muscles 
thus constitutes the bulk of the wall. 

The submucosa is quite distinct and subtends the villi of the mucosa. The 
mucosa is a characteristic feature of this region. It is disposed into a large number 
of villi-like folds which are composed of epithelial cells with prominent nuclei. 
No glands are present. Inner to the mucosal layer are discernible a stratified 
epithelial layer and a layer of non-cellular cuticle or keratinised tissue. Scattered 
in the matrix of the cuticle arc groups of isolated cells broken off from the 
epithelium below. The cuticle shows a tendency to become more and more 
dense towards the lumen (Fig. 3B). It may be mentioned here that in finger- 
lings of length the cuticular layer is absent in the gizzard. 



Tbxt-vig. 4. 


Transverse seotioiis — ^A. Intestine. B. Intestinsd oaeca C. Keotiuu of Ohano$ blood 
vessel; circular muscle fibrea;^c.e.c., oolumnar epithelial oelli; goblet cell; 

longitudinal muscle fibres; lauc.* muoosa; 9,vmc^^ submucosa; top plate. 
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Th* ItUesUm :■ 

The epadoue lumen of the inteetinc ie surrounded by the four layent, serosa, 
museularia, snbmuoosa and mucosa (Fig. 4A). 

The serosa is a delicate membrane enveloping the muscularis. The muscularis 
is composed of an outer longitudinal and an inner circular layer, both of non-striated 
nature. The submuoosa is a thin layer ramifying into the mucosa. Blood cor- 
puscles, evidently of the leucocytes series, arc scattered in the submucosa. The 
mucosa is a prominent layer of columnar epithelium and is characterised by simple 
or branched long villi. The epithelial cells are narrow and long with, basal nuclei 
and are arranged compactly. Large mucous cells, in various stages of activity, 
is a regular feature throughout the coils of the intestine. No glands have been 
observ^. Blood capillaries laiden with corpuscle.s are abundant. 

Thf. IntfMinal rAfm : 

Microscopical study of the inU^stiiial caeca points out to the fact that they 
ate extensions i>f the intestine. The histology of both the organs is very much 
alike. However, a noteworthy difference is the comparatively thinner musculature 
in the caeca. The mucosal villi arc unbranched, more slender and pointed. Free 
lx)rder has been detecterl in various preparations. Mucous glands are present 
in large numbers in the caeca. (Fig. 4B). 

0 

The Hecium : 

That the Iasi portion of the intestine is modified into a distinct rectum is 
amply proved by its histology. The usual four layers are present. 

The serosal layer is thin but distinct. The muscularis is much thicker than 
that of the intestine and the circular layer of muscles is more conspicuous than 
the longitudinal layer. The suVimucosa is a loose network made of an anastomosing 
strands of connective tissuCi with a large number of vacuolated spaces and rich 
in vascular supply. The mucosa made up of columnar cells, falls into broad> blunt 
villi, simple or branched, Tjarge unicellular goblet cells are present all along the 
mucosa (Fig. 40). 


Discussion 

In reviewing the knowledge of the digestive system in relation to food and 
feeding habits ot Chanos, it is necessary to compare it with other members of its 
order. Like the majority of the Clupeids, the mouth is edentulous. The gill 
rakers form a sieve to strain the food particles from the incurrent water. Like 
Stilsa, Oadmia and Dorosoma, Chanos also possesses pharyngeal pockets which 
according to the authors are food procuring device. 

The presence o( a spiral mucosal fold in the oesophagus, with its rich supply 
of mucous glands m a unique feature in Chanos, The transition a^one, between 
the oesophag^ a^ the cardiac stomach, has in its submucosa many giant tubular 
mucous glau^« The copious production of mucus may be correlated to the com- 
posite items of diatoms, other algae, gastropexis, lamellibranchs and con- 
comitant admixture of sand and mud. 

The stomach is concerned with the storage of food and gastric digestion. The 
rixe for storage is influenced by two factors : the nature of the food, and the dura- 
tion of intervals betw^n the meals. Tampy (1958), reports that he noticed in 
tne stomach of some of the adult fishes, only mucoid ^natter in the form of a white 
^te. ^e to the conclusion that the fishes were starving. Prom this it may 
be simm^ ^at CAoaos may be an irregular feeder. The stomach of Ohanoa is 
considerably large and complex in comparison to the rest of the alimentary canal. 
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The ene of the stomaoh and the eapaoity of the oaidiae »one for dilatation point 
out that it s^ee a very important function of food storage. The abrupt (bulges 
in the direction of loops of the stomach obviously check the quick passage of food 
from the stomach to the intestine. 

The extension of the striated muscles of the oesophagus over part of the stomadt 
has been observed in a few fishes. The presence of such muscle fibres in Ohano» 
gives the anterior region of the stomach voluntary control, whereby the food could 
be regurgitated whenever necessary. 

Hi8tologi(»l studies reveal that there is a large area occupied by the gastric 
glands. This enables the fish to secrete large amounts of gastric juice making 
the gastric digestion efficient, before the food is passed on to the gixsard. 

A highly muscular gizzard (grinding mill) is present in CAanos. The most 
striking feature in the histology of the gizzard is the presence of two supplementary 
layers, the stratified and the cuticular layers, apparently developed from the 
epithelium itself. That the cuticle arises by the modification of the epithelium 
is amply supported by the presence of detached and scattered cells in the cuticle. 
In the gizzai^, following the mucosal epithelium, there is a region of stratified 
epithelium, an adaptation to withstand its wear and tear. It may be mentioned 
here that since the stratified epithelium is inefficient as an absorptive mmnbrane, 
the gizzard only performs the function of trituration. A cuticular region is present 
and it affords protection from the gritty and hard food materials the fish takes. 
The first layers of the cuticle, by fusion of contiguous areas, form the innermost 
dense cuticle of the gizzard. All the previous authors, who have worked on the 
gizzard of fishes, are of opinion that the cuticular layer is formed by the secretion 
of mucous glands. But in Chanon such glands are totally absent in the gizzard. 
The present study points to a different mode of cuticle formation in gizzard. The 
cuticle in Chanos gizzard arises by stratification and cornifioation of the epithelium, 
as is the method of origin of cuticle in the epidermis of skin. 

Differences in the nature of the food of young and adult Vhanos have been 
observed by Tampy (1968). He points out that the adult fish takes more of coarser 
food particles, whereas the young of Chanos is exclusively a plankton feeder. The 
histology of the gizzard of the fingerlings shows that all the layers of the adult 
fish, except the cuticular layer, are present. The acquisition of the cuticle in the 
gizzard by the adult fish is a subsequent adaptation when the change-over takes 
place to a harder type of food. 

Blood corpuscles in large numbers scattered in the submucosa are present 
in the intestine. It may be inferred that as in other Teleosts, the wall of the intes- 
tine is a haemopoietic organ. 

The free border which is an additional layer of absorption is absent in the 
intestine and rectum. But its presence in the intestinal caeca supports tfie view 
that it is primarily an absorption region. 

Several fishes, belonging to the different orders, are known the possess gizzard. 
One of the well known orders with gizzard is the Mugilidae. Gazzawi (1936), 
Ishida (1936), Pillay (1963), and Mahadevan (1960) have worked out in detail 
the digestive system of a few species of MugU. Among the Clupeids the gizzard 
of Dorosoma cepedumum and Qadmia chapra have been descril^ by Weir and 
Churchill (1945), and Kapoor (1958) respectively. The authors (unpublished) 
have observed the presence of a gizzard in Colisia faseiata of the order Anabantidae. 
All these genera, though unrelated phylogenetically, show similar modifications 
The similarity is explained on the basts of their feeding habits. Mugil m., Qaduaia 
chapra and Colisia faseiata* ate mudfeeding forms, grovelling in mud for organic 
debris, algae and plant tissues. Chanos aim takes in a good amount of mud and 
sand along with diatoms, other algae and molluscs. This appears an interes^g 
case of conveyance in evolution. 
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ChanoA i« thm a mixed feeder, a habit, probably it has acqui^ b^ose of 
its migratory habits. Its digestive system recalls that of a grain-eating bird, 
with its crop, large cardiac portion and well developed gizzard. The structure 
of the stomach is elaliorate in (-haruM, The zonal differentiation is marked and 
the gastric glands are lughty developed. The giant mucous cells, the massive 
complicated gastric glamk, and the powerful gizzard with cuticular lining are 
indications of an advanctsl state of physiological activity. 
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Abstract 

Tho ‘tost colls’ arc characteristic of the ascidian o\niin. Tn Pyura m., they do not ucour 
in the early oocyte but appear much later in ita peripheral cytoplasm, 'ftiey are rich in ribo- 
nucleic acid. In later sta^ of oogenesis, they break up and release their RNA content into 
tJio cytoplasm of the developing oocyte. In addition to the nucleolus and the oocyte oyto- 
plasnt, which are important eouroes of RKA, the test cells form a third source. Cytochemioal 
reactions indicate that tho test cell RNA is different from that of tho nucleolus and oocyte cyto- 
plasm. 

Introduction 

One of the basic facts of modern cytology and cell physiology is the establish- 
ment of an undeniable association between ribose nucleic acid (RNA) and protein 
synthesis in the annual cell. Independently put forward by Caspersson (1941) 
and Brachet (1942) this view has gained increasing support in view of the evidence 
that has accumulated in recent years. Recently, Brachet (1967) has reviewed 
the problem and has summarized the experimental evidence in favour of it.The 
origin of the RNA^in the cell, however, has been the subject of debate and at least 
two sources are cited, (a) the microsomes in the cytoplasm and (6) the nucleolus 
in the nucleus. Both are rich in RNA and evidence that either or both are sources 
of its origin has accumulated during recent years (Brachet, 1957). One of the most 
striking is that presented by Faur^-Fremiet et al. (1950) who, in their studies of 
the developing oocytes of Olome.ris have clearly established this dual origin of RNA. 
It is more or less clearly understood that whenever synthesis and growl^i are taking 
place in the cell, abundant amounts of RNA are present in the cytoplasm and in 
tho nucleus (m the nucleolus). Other possible sources of RNA have b^n occasion- 
ally investigated but have not been established. In this context, the ascidian egg 
offers specif problems. The “inner folUclo cells” or “test cells” of the ovum are 
peculiar to the ascidian and their role has not been established. BerrUl (1950) 
states, “The inner follicle cells, often called by the ambiguous term “test cells”, 
have long been tho subject of controversy with regard to the role they play in the 
growth of the ovum” (page 36). 

Recent examination of oogenesis in an Indian ascidian Pyura sp. (Pyuridae 
Pleurogonia) has offered some ideas which are presented in this paper. 

Matbriau and methods 

The material used in the present stu^ was collected in January 1968 at Madras. 
The gonads were fixed in Carnoy’s and Sanfelice’s fiuids. They were cut at var^g 
thickness and stained with the Feulgen reagent and counterstain^ with fight 
green. Methyl green-pyronin and toluidine blue were the other stains employed. 
Digestion with trichloraii^ic acid and ribonuclease iVas also done in order to estab- 
lish the areas of presence and distribution of RNA. 


♦Present address : Cancer Research Institnte (W.I.A.) Gandhinagar, Madraa-SQ. 
VOL. 26, B, No. 3. 
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Observations 

TAe 0(mytf : Examination of young oocytes (up U) 6(M75/^ diameter) shows 
that their cytoplasm is rich in RNA as evidenced by its strong affinity for both 
Uduidine blue and pyroiiin (PI. VIII, fig. 1). One of the striking features of this 
early development is the gradual increase in size of the nucleolus which reaches a 
maximum diameter of lO/e when the cell is 60/i, after which no further increase 
appears to take place (Kao, 1959). In later stages of growth, when the oocyte 
attains a diameter of 75/i or more, there is a gradual decrease in cytoplasmic 
basophilia. When the ooeyt<? reached a diameter of 9(K120/f there appears a 
(leripheral zone in the cytoplasm exhibiting strong basophilia (PI. VIII, fig. 3). 
Extraction with ribonucicase and hot trichloracetic acid confirms that this zone 
is rich in RNA, This f)eripheral zone is also rich in mitochondria. 

The Test ('ells : These are characteristic of the ascidian oocyte and occur in its 
periphery. They are rounded cells with small nuclei (Text fig. 1 and PI. VIII, fig.2). 
They seem to project into the cytoplasm of the oocyte but are distinct from it and 
they possess a clear ('ell membrane. During early stages of the development of 
the <H)cyt(‘, i.e. when its diameter is less than 60/^, the test cells are few and incon- 
spicuous. Later, they grow larger and form characteristic structures of the oocyte, 
'fheir cytoplasm gradually acournulatt^s basophilic material in the form of large 
granules whi<;h fill the entin^ cell. The ba.sophilia is so intense that only in Feulgen 
preparations or in thos<^ subjected to extraction by ribonuclease or hot trichloracetic 
acid can the nucleus bes oen (PI. VIII, fig. 2). The nucleus is small and has a 
numl)or of coarse chromatin granules. Sometimes the test cells migrate into the 
cytoplasm of the oocyte, and ocK'asionally several test cells are seen close to the 
nucleus (Text iig. 1). 

Treatment with ribonuclease and hot trichloracetic acid (se^ Seshachar, 1950. 
for mctfio(l) shows that the basophilia of the oocyte cytoplasm as well as that of 
the nucleolus l)ocome8 oonsiderably diminished, and on prolonged treatment, the 
biwsophilia is lost altogether. On the other hand, the basophilia of the cytoplasm 
of tost cell is not extracted easily. In preparations stained with toluidine blue after 
extractum with 5 per (^mt trichloracetic acid at 80*^0 for 15 minutes, the oocyte 
cytoplasm and nucleolus are perfectly clear, but the test cells are still dark though 
they arc not so dark as to obscure the nucleus (Text fig. 2). Extraction with ribo- 
nu( loas(» is even slower. After one hour’s digestion, the cytoplasm and nucleolus 
are clear but the test colls exhibit basophilia to a relatively high degree. Only 
prolonged extraction with trichloracetic acid at 90^0 removes basophilia altogether 
from the test <'ells. 

The later fate of the test cells is interesting. In oocytes of diameter of 90/^-120//, 
tfie tost cells are seen to break up and release their basophilic granules into the 
peripheral cytoplasm of the egg (Text figs. 3 & 4). The intense basophiMa noticed 
in the egg periphery at this stage is almost entirely due to this. Stages in this 
disintegration are quite easily seen. The nucleus also disintegrates later. Older 
o<)cyt('s do not show the test cells in their cytoplasm. 

Discussion 

In the developing egg of Pyura, there are at least three sources of RNA. In 
early stages, the intoiise basophilia of the nucleolus and cytoplasm indicates the 
presence of ribonucleotides in these two cell constituents. It was pointed out earlier 
(Rao, 1959) that the growth of the nucleolus reaches a maximum when the oocyte 
diameter is about 60/i, and thereafter remains stationarv. At a slightly later stage 
when the oocyte diameter is about 57//, the cytoplasmic basophilia starts decli- 
ning. Again, when the oocyte reaches a diameter of 90/4—120/i, there appears 
^ iiBg of intensely basophilic granules in its periphery. Apparently in the early 
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along been accumulating RNA in their ovtoDlasm cells, which have all 

sing their contents into the cytoplasm of th^S^^. ^ ^ 



Pig. l. 

Fig. 2. 


Fig. 3. 


Fig. 4 . 


Oocyto of Pyura sp. showing ‘test oells’ in the cytoplasm Feulgen. X 1260. 

Triohloraoetio acid at 80^0 for 15 minutes 
^opM?a^ oocyte cytoplasm is clear but the test colls show 

Oocyte at a later stage with the test cells breaking up and releasing their basophilic 
^^^08 mto the cytoplasm. Toluidine blue staining after ribonucloase treatment. 

Part of the same showing the large, coarse granules in the periplieral cytoplasm of the 
oocyte, rolmdme blue staining after libonucleaso treatmont. xl850. 
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TJwr© is reason to believe that the RNA of the test ceils is in some way different 
from that of th<- wcyte nucleolus and cytoplasm. Its reactions to triohlorawtic 
acid and rilwiiudease would indicate this. Vincent (1957) has recently provid^ 
evidence of a heterogeneity of RNA in the starfish oocyte, and it is possible that in 
Pyura also, the RNA is of more than one kind. 
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Explanation of Figures in plate VIII 


Fig. 1 . Soctioii of ovnry of Pi/um sp. staiuod with toluidine blue. The more pronounced 
liasophilia of the younger oocytes is clearly seen. X 100. 

Fig. 2. tlocyU:* showing tost cells in ite periphery. Tho young oocyte in the lower left corner 
has none. Uibonuoleaso treated. Toluidine blue. x360. 

Fig. 3. Pai’t of oocyte at a later stage showing peripheral aocunaulation of intensely basophilic 
granulee. 
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Abstract 

Variation in numbers of ^stae on brachial valve and on pedicle valve of Ooniorhynchiu 
BatteH goniaea, been studied by means of various statistical methods. In the population 
of the species studied, on an average, pedicle valve possesses one more casta than brachial valve, 
although reverse as well os same numbers of oastoo on both valves have been found to be true 
for a few specimens. Accordingly the population has been grouped into throe divisions having 
the normal, the reversed and the 7ietUral ribbing system. 

Relation between numbers of castao on the branchial fold and the plane of symmetry 
of shells has also been studied. There may have been both symmetrical as well os asymmetri- 
cal forms according to the presence of o<ld or even numbers of costae on the branchial fold. 
Considering the position of the plane of symmetry, on caster or on sulci, occurrence of two 
typos of symmetrical, the normally symmetrical and the reversed symmetrical forms has been 
suggested. No correlation has been found between the ribbing syatem and symmetry elements. 


Introdtjotiok 

The external surfaces of many brachiopod shells consist of radiating ribs from 
the umbo. Such ribs are designated as Oostcie and the depressions that separate 
two costae as Sulci. The brachiopod genera belonging to the superfaraily Rhyn- 
chonellacea possess as a rule such radiating costae, although the presence of such 
character in other superfamilies is not rare. The ribbing system in brachiopod 
is quite important, as the rib characteristics, particularly the number of ribs on the 
brachial fold, have often been used in the taxonomy of the genera belonging to 
the Rhynchonellacea superfamily. In the present work an attempt has been made 
to study the relation between number of costae on one valve to that on the other 
in Qoniorhynchia boueti Davidson. A collection of individuals of the species shows 
variation in the character studied. Hence the use of statistical methods becomes 
inevitable. Finally some suggestions have been made regarding the position of 
the plane of symmetry in relation to the brachial fold. 

History and Material 

During recent years brachiopods have been subjected to various statistical 
investigations. Most of the workers have concentrated on general metrical 
characters (such as length, width, thickness etc). Very little work has so far been 
done to investigate the variation in the numbers of costae in brachiopods. 

Cumings and Mauck (1906) have studied the numbers of costae in Platy$trophia 
lynx Martin, from the Upper Ordovician of Vevay, Indiana. They have studied 
the numbers of Costae on both valves and separately on the fold as well. In their 
collections it has been found that the brachial valve possesses one more costa than 
the pedicle valve.^ 


*From the available data it has not been possible to find whether this holds foi^ every 
individual or not. Their conclusion was drawn from the arithmetic means of the two dietri- 
butions. It is difficult to comment upon the statistical significance of the difference, as para* 
meters available have been fotmd to be inadequate to carry out such comparison. 

VOL. 26, B, No, 3. 
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Wilson (1014) employed the variation in the nnmbers of plications (can be 
taken as c(|iilvalent of costae) in Pamstnyphia hemiplicata Hall for stratigraphic 
sub-division. 

Bancroft (1928, 1940) made an elaborate study of ribbing in a group of brac- 
hiopods l)elonging to the superfamily Balmanellacea. He has evolved a .special 
ribbing notation to .study the nature of the splitting of costae. It is worth mention- 
ing here that such variation has successsfully been employed to subdivide the Lower 
Ordovician of Great Britain. 

Parkinson (1954) made a comparative study of the numbers of costae on the 
brachial fold of Pugnax in three different collections from the Lower Carboni- 
ferous of Great Britain. 

It can be seen from the above survey, with the exception of Cumings & Mauck 
(loc. cit.), that none of the inve-stigators attempted a comparative study of the 
numbers of costae a.H between two valves, viz. the brachial and the pedicle valves 
of individuals from the same collection. 

The present work is an extension of the investigation carried out by Mitra 
(1950, 1957), I’he relevant portion from that work is summarised below for con- 
venience. 

Three collections of Goniorhynchiu boimti Davidson — Langton Herring, Burton 
Bradstat'ks ami Eype Mouth were made from Dorset in South England and 
the fourth one from Normandy in France. Langton Herring and Eype Mouth 
collections wore mt^e by the author and the rest borrowed from the British 
Museum (Natural History), fn all the four collections, the numerical value of 
the arithmctii^ unan of the distribution of the number of costae on the pedicle 
valve is one greater than that of the costae on the brachial valve. The comparison 
of means by the usual method of pooling the standard errors of means is not appli- 
cable here, as the variates show a high degree of correlation. A different method 
(see below ) has been used in the present work. 

As the purpose of the present work is to study the interrelation between the 
numbers of costae in two valves, rather than a comparative study as between 
collections, a single collection out of the four has been used. The Eype Mouth 
collection has been found suitable for this purpose. The original collection from 
Eype Mouth consists ot KM) spoeiinens, Mitra (loc. cit.) used only 60 specimens 
for the brachial valve and 66 s|>ecimen8 for the pedicle valve. Connting of costae 
sp^^cinieiiH was not possible becuaae of imperfect preservation. The number 
of individuals in the sample, used in the work under study, was further reduced 
as the counting of costae on both valves of the same individual, was possible with 
46 speciinons only. Nfo marked difference in the estimated parameters was observed 
botvt>en this sample and the original collection of Mitra. 


Analysis 

The nuinbers of costae on the brachial and the pedicle valves have been plotted 
to get their frequency histograms (Fig.l). The statistics of arithmetic mean (x), 

sUudard deviation (s) and coefficient of variation 
(KtO s/X) have been estimated in the conventional way and are given in Table I, 

b^n ^keir^ given in Table II. Iq all cases unit group intervals have 

bracWal and the pedicle valves the frequency distributions are 
ihi the estimation of the coefficient of variation it is apparent that 

of the variable. The arithmetic mean 

?Ln th^^th ^5-". the brachial valve is a-pproximately one less (0.87) 

th^Vi^JiV I -^h ® Tk II that the observed ffifference between 

the 'k the collections and not due to chance in random sampling, 

the following methods have been used as checks. ^ ® 
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Tablb I 

Distribution of nutnber of Costae on t?ie bracJnal and the jjedick valves 



Brachial Valve 

Pedicle Valve 

Mean 

30. 43 ±0.60 

31.3()J;0.61 

Standard Deviation 

3.42 

3.r>i 

Cooffioient of Variation 

11.22 

11.23 

Number in sample 

46 

46 


Table II 


Number of Costae (Original Data) 

Xh — Costae on Brachial valve 
Xp — Costae^ on Pedicle valve. 


No. Sp. 

Xb 


Xp-Xb 

No. Sp. 

Xb 

Xp 

Xf- 

1 

27 

26 

-1 

24 

28 

29 

1 

o 

32 

34 

2 

25 

31 

30 

~I 

3 

30 

31 

1 

26 

25 

29 

4 

4 

31 

31 

0 

27 

36 

39 

3 

5 

27 

29 

2 

28 

28 

27 

-1 

6 

31 

30 

-1 

29 

31 

35 

4 

t 

28 

29 

1 

30 

27 

28 

1 

8 

33 

34 

1 

31 

35 

35 

0 

9 

30 

30 

0 

32 

27 

27 

0 

10 

31 

32 

1 

33 

31 

33 

2 

11 

34 

35 

1 

34 

34 

33 

— 1 

12 

35 

36 

I 

35 

27 

29 

2 

13 

32 

32 

0 

36 

27 

26 

--1 

14 

34 

37 

3 

37 

31 

30 


I,') 

40 

40 

0 

38 

31 

30 

-1 

16 

26 

28 

2 

39 

29 

30 

1 

17 

27 

28 

1 

40 

32 

34 

2 

18 

37 

37 

0 

41 

37 

38 

1 

19 

29 

30 

1 

42 

26 

28 

2 

20 

32 

34 

2 

43 

29 

32 

3 

21 

29 

29 

0 

44 

26 

27 

1 

22 

32 

31 

-1 

45 

28 

29 

1 

23 

30 

30 

0 

46 

27 

29 

2 


Table III 

Frequency distribution of (xp-^xi) 

* 

j 2 3 4 


Frequency 9 9 14 9 3 2 
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Tho number of costae on the pedicle valve {Xp) in each of the 46 specimens 
has been subtracted from the number of costae on the corresponding brachial 
valve (x/r). The mean, standard error and other parameters of the (x,— a;j,)-di8- 
tributlon have been estimated. Any significant deviation of the mean of this 
distribution from any assumed value can be tested by <-tcst with the help of its 
standard error. Ilesults have been given in Table IV. 



Tkxt-fio. 1. 


.1 distrdmtion (0.87) i.s the same as before; it is positive and 

the deviation from zero is statistically .significant (/><0.01). 


Tabt.k IV 

nistrihutioit of (xp — xb) 

Moaii 

HtaiidArH Deviation 
roofticiont of \'ariat ion 
Numl)or in the Sample 


0.87:i;0.20 

1.34 

154.68 

46 


of analysis, correlation between two variates have been esti- 
mated uith the help of sum of products. In the Table V it can be seen that the 
correlation coefficient is verj- high (0.92). Finally by considering x as x and x 
M y a linear reduced major axis has been fitted. Reduced major axis has an advan* 

regresMon line. (Kermack and Haldane 1960, Imbrie 
1966). The satter-gram is shown m figure 2. 
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It is clear from the reduced major axis ccefiScient (1.03) that an expected value 
of Xp is approximately one greater than a given value of . 1 - 4 , provided the given value 
is not too small. The lowest observed limit of Xf, is 25, while the highest limit is 
40. Within this observed range any given value of yields an e.Ypected value 
of Xp approximately one greater than Xj. ft is not likely that lowest limit of a?*, 
in any other samples derived from the same population will have much lesser value. 


Tabus V 

CorreUttion between nuin/jcrs of Coatae on ImtehUd and pedicle valve 


Numbers of 



Costae 

25 26 

27 

28 

20 

30 

31 32 33 34 

30 37 .38 

30 

40 

'Potal 


40 
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30 







1 



1 
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1 
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37 






1 

1 
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35 






1 1 
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1 
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3 

<5^ 
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34 






3 1 
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33 






1 1 
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32 
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1 1 




3 

<U 

31 





1 

1 1 
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30 




2 

2 

4 
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20 

1 

3 

3 

1 






8 


28 

2 

.> 
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27 

1 

1 

1 







3 


26 


2 








2 


Total 

1 3 

8 

4 

4 

3 

8 5 13 

Brachial Valve 

2 12 0 

0 

1 

46 


Correlation Coefficient .. ..0.92 

Reduced Major Axis .. = 1.03»ft— 0.04 


Considering both the comparison of means as well as the reduced major axis, 
coefficient it can be concluded that on an average the pedicle value has one more 
costa than the brachial valve. 

The ribbing system of the brachiopods, taking both the valves together, is a 
bicorrugated system, that is, the sulci of one valve correspond with the costae of 
another. In such a system it is possible to demonstrate three types of structures 
(I1g.3). Figure 2b shows a ribbing system, wherein it is obvious that the pedicle 
valve should have one more costa than the brachial valve. Figure 2 a shows the 
reverse phenomenon, that is, the brachial valve has one more costa than the pedicle 
valve. On the other hand in the ribbing system, as shown in Fifpire 2c, it is poscdble 
for both valves to have the same numbm* of costae. Oonvenicmtly, the three systems 
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Text-fio. 2 . 


f ^ 3 4 



' 2 3 


^ALVe t Z 3 



Text-fig. 3, 

may be designated aa the Normal, (Pig. 3b), the Reversed (Fig.3a) and the Neutral 
(Fig.So) system respectively. In the present instance* the pedicle valve having one 
more oosta (Fig.Sa), has been taken as normal as the mean value of the pedicle 
distribution is approximately one greater than that of the brachial distribution. In 
othor cases, for instance, in Platgstrophia Ignx, the second type is the normal type. 
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It oiay be mentitmed that the ribbii^ 83 r 8 tem may be diffbrmit in diffilforent genaroi 
even in different qieoies of the same genus. 

The frequency distribution of the three types of system are given in Table III. 
More specimens have one more costa on the pedicle valve than on tbs brachial valve, 
in comparison with other varieties, taking independently. A few specimens have 
two, three and four more costae on the pedicle valve. Mercier (1937) and Kitra 
(loc.cit.) have noticed in a few specimens that the costae on either side of the 
main flanks near the pedicle sulcus often flatten out when they reach the anterior 
commissure. The semi-costM (Mercier loo. cit.) have no brachial counterparts. 
The anomaly of having two, three and four more costae on the pedicle valve may 
well be due to the presence of semi-costae. 

Nombbr ok Costab on the Brachial Fold and the Plane ok Symmetry 

About 50 per cent specimens have odd numbers of costae on the brachial fold 
while the other 50 per cent have an even number. The brachiopoda are, in general, 
bilaterally symmetrical animals. If therefore an individual possesses an even 
number of costae on the fold, the plane of symmetry of the shell is expected to pass 
along the groove between the two costae (Fig. 4a). On the other hand in an indi- 
vidual with an odd number of costae one would expect the plane of symmetry to 
pass along the central costa, having thereby a reversed form (Fig. 4b) with respect 
to the plane of symmetry. As about .50 per cent of individuals have one and the 
other 50 percent the other of the two typos of form, the normally symmetrical and 
reversed symmetriml forms, are randomly distributed in the population. 


a/TACWAi 




_7WV ^ Vvw_ 






- rimmr 


J 




(P) Js/v\— 

_7VAA/ ^ VWV- 

M) fvvlv\ 

A Vww 






Tkxt fio, 4. 


The above three groups with distinctive ribbing systems, have also been studied 
separately for odd and even numbers of costae on the fold. A similar proportion 
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of odd And oven numbers of costae have again been found within each of the three 
groups* Occurrence of both odd and even numbers of costae on the folds in each 
of the thr^ groups in 50 percent proportion, shows lack of correlation between the 
ribbing system and the symmetry element. Specimens having the same ribbing 
system may have a different symmetry element. On the other hand, specimens 
having same symmetry element, may have different ribbing system. 

An alternative (and probably more likely) explanation of the occurrence of 
both odd and even numbers of costae on the fold is that the fold itself is asym- 
metrical in the case of 50 per cent of specimens. Such asymmetry would result 
if the plane of symmetry invariably passes through a costa or between two costae 
(Pig. 4c and 4<l). An attempt lias been made to determine from transverse sections 
of shells whether the plane of symmetry (as defined by the median septum) lies 
along a costa or between adjoining costae. But the thickness of the shell makes 
comparison of the inside and outside inconclusive. 

It may be mentioned here that such discrepancy in the plane of symmetry may 
also be caused by the total numbers of costae (whether odd or even). But 
the degree of asymmetry in that case may be considered negligible as the asymmetry 
of the shell is caused by a single costa, which occupies much less surface area in 
proportion to the area occupied by the total number of costae. But the 
asymmetry caused by odd and oven numbers of costae on the fold can be 
appreciable. 
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KUTOH MICROFAUNA—LOWER TERTIARY OSTRACODA 
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Luclcmnv 

(Communicated hy Raj Nath. F.N.F.) 

(Received Novemher 23, 1959 : reiui Januarjf, 2. tUiiO) 


Abstrac'i’ 

Twonty-four now forms of Ostracocla inclvidinjt? now Hpe(;ioa mul variot/ics havo ha w illus- 
tratocl and doscriljo^l from tho Middlo Kicthar and Gaj bods of Kufcli. Wcstorn India. Correla- 
tion of the marine Lower Tertiary hotls of Western fndia is ]K>s8iblo on Uie basis of the fossil 
Ostraoodo fauna. 


rNTKODlJCTlON 

Except a few cursory remarks made on tlie occurrence of some Ostracode 
genera from the Tertiary rocks of India and Pakistan by Davies and Pinfold (1937), 
Jacob and Sastri (1952) and Tewari (1957), no detailed work has so far been pub- 
lished from India. A preliminary note on the Lower Miocene Ostracoda of Kuteh, 
Western India has recently been published, (Tewari, Tandon and Bhargava, 1959) 
in which sevt'ral genera belonging to the families Bairdiidae, O 3 [)ridae, Cythoridae 
and Cytherellidae have been recorded from the Lower and ITpper Gaj beds. 

Due to the lack available literature on the Ostracode fauna from India and 
the neighbouring regions, most of the comparisons in the present study have been 
made with the European and American species. 

The Ostracoda described in this paper come from the Lower Tertiary rocks 
of \ injhan-Miani and Waghopadar-Cheropadi regions of south-western Kutch. 
The distance between the two areas is about 39 miles and they are separated by a 
tract of land covered by Recent and Sub-recent alluvium. The Lower Tertiary 
beds of Kutch have been sub-divided into Laki, Kirthar, Nari, Gaj, Post-Gaj and 
Manchar from bottom to top. Tewari (1956) indicated tin? ago determinations 
of the beds as follows : 

Manchar . . , . , . Middle Miocene to Pliocene 

Post-Gaj . . . . . . Vindobonian < 

Gaj Upper . . . . . , Burdigalian 

,, Lower . , . . . . Aquitanian 

Nari . . . . . . Lattorfian and/or Riipelian 

Middle Kirthar . . . . Lutetian 

Laki . , . . . . Ypresian 

Description op Type Localities 

MIANI 

(23°7'33'^ : 69^5'55") 

Type Locality : Two furlongs north-west of the village Miani, on the left bank 
of the river Kankavati; surface sample number C5; locality I. 

Lithology : Brownish yellow highly weathering marls, belonging to the lower 
part of the Middle Kirthars (Lutetian). 

VOL. 26, B, No. 4. 
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IlKMKAl TAI-AO 

(2:r(i%r ; ari'iV) 

Typti LoailUy : One furlong north-wtest of Hemrai Talao, near the road leading 
to Hajapur; surface sample number (''83; locality If. 

LUholfMjy : Yellowish brown, highly weathering marls, overlying mottled 
clays, belonging to th<- lower part i>f the Middle Kirthars (Lut<“tia>i). 

VINJIIAX 

(23'^li'lO" ; ()9'’4'5t)'') 

7'i/pe I^>culih/ : Kalf a mile north-east of the village Vinjhan on the road 
heading to Khirasra; surface sample number 014; locality III. 

Lilfiohyy : Dark yellow argillaceous lime.stones with casts of Molluscjs, the 
basal memi)ers of the Opper (Jaj (Burdigalian). 

WAomcPAD.AK 

: ()8“47'2r)'') 

Lomliiy : About half a mile north of Waghopadar from the plateau 
on t he road leading to village didcrai; surface .sample number Wb; locjality IV. 

LUholfxjy : ('r(*am coloured massive and thickly bedded limestone* belonging 

to the lower part of the Middle Kirthars (Lutetian). 

WAIOB 

{2T2r>' : 0H'"44'20'') 

7’///e'. lAH:alil.y : About three, furlongs .south of Waior in the Waior river section; 
surface .sample number W18; locality V. 

lAlholotjy : (’ompact. brown foraminiforal marls intercalated with band.s of 
shales c'outaining fossil Algae and Foraminifera belonging to the u])per part of 
the Lower (Jaj bculs (Acpiitanian). 

WAOIIOT 

(23'''24' : (58"44') 

7'//pc Loraliti/ : Half a mite south of Waghot in the Waior river section; 
surface sample number VV2r); locality \H. 

lAtholoijy : (tream cudoured compact foraminiferal limestone, underlain by 
a band ot shales containing white casts of T urriteUa. belonging to the Upper (faj 
botis (Burdigalian). 

OUKROPADl 

(2:V22'10'' : t)8°44'3r>") 

7’gpc Ijomlity : Half a mile north of Clhcropadi in the- Waior river section; 
surface stmiple number W29; locality VII. 

Lithology : Brownish yellow, easily w'cathering marls, underlain by shales 
belonging to the Upper tlaj beds (Burdigalian). 

Systematic Descriptions 

Order ostbacoda Latreille, 1802 
Suborder podooopa Sars, 1865 (1866) 

Family bairdiidae Sars, 1887 
Subfamily bairdiinae Sars, 1923 
Oeiius bairdia M’Coy, 1884 
Bairdia indica Tewari and Tandon, n.sp. 

Text-fig. 1, figure la-b 
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In side view subo void, smootii and puuct'fttc CRr^pAcc*; loft vftlvo Isrgor &nd 
overlapping the right valve. Dorsal margin arched, ventral margin pronouncedly 
convex anteriorly and slightly convex posteriorly. Highest portion of the earapaeij 
in middle. Anterior end of the dorsal side moderately sloping; posterior end stoker 
and forming an obtuse angle with the ventral side. In dorsal view carapace ov^o, 
more compressed posteriorly than anteriorly; highly inflated anterior to middle, 
smooth and punctate. 

Dimensions of the holotype no. 107, a complete carapace: length 1.12 mm., 
lieight 0.50 mm., width 0.44 mm.; paratype number 108. a complete carapaces: 
length 1.01 mnn, height 0.50 mm., width 0.40 mm.; paratype tuimber 101), a com- 
plete carapace: length 1.11 mm., height 0.50 mm., width 0.44 mm. 

Rirmrks : The present species differs from Bairdia afrimna in having a 
gentler slope on dorso-anterior side, an obtuse posterior angle and more inflated 
walls. 

The sjK'cies is commonly found in the beds of the Lutetian age occ urring at 
localities f, 11 and IV. 

Bairdia fiubdpltoid<eu var. koieshnurpmis 
Tewari and Tandon, n.var. 

Text-fig. I, figure 2a'-b 

Carapace elongate, ovate, subtriangular in side view; the larger left’ valve over- 
laps the right' valve. Dorsal margin arched; ventral margin convex, the •(convexity 
is more towards the anterior side. The higliest part of the carapace is in the middle. 
Anterior side broader than the posterior; broadly rounded in the ventral lhalf and 
angularly rounded on the dorsal half. The posterior inxd is prodiuted and narrow. 
The marginal area distinct with numerous radial canals. Carapace smooth and 
finely punctate. In dorsal vuuv the widest part of the carapace in tlie middle; 
anterior and posterior ends compressed. 

Dimensions of the holotype number lit), a complete carapace: length 1.08 mm., 
lieight 0.62 mm., width 0.48 ram.; paratype number III, a (complete (carapace: 
length 1.03 mm., height 0.59 mm., wfidth 0.46 mm. 

Re.markfi : The species resembles in shape to Bairdia xvauchuhmiH Hivain, 
described from the Oligoceiic of Florida, but differs from the latter in a much higher 
ratio of length to height. Bairdia laevicula Edwards described from the Miocene 
of Florida Panhandle resembles the present species in its dorsal outline but the 
ventral side of the two are quite dissimilar. Bairdia ocalan-a from the Eocene of 
Florida is more massive and tumid species than the present. The nearest approach 
to this species is Bairdia subdeltoidea Munster from which it differs in having lesser 
convexity at postero-ventral angle and higher ratio of height to lengtli of the cara- 
j>ace. 

The species is rarely represented in the beds of the Lutetian age occurring at 
locality IV. 

Bairdia ? kirtharensis 
Tewari and Tandon, n.sp. 

Text-fig. 1, figure 4a-b 

In side view carapace large, subtriangular, dorsal margin convex, ventral 
margin slightly concave in the middle but convex at both the ends. Both the 
anterior and posterior ends somewhat rounded. Left valve larger and overlapping 
the right valve. Highest part of the carapace in middle and surface smooth. 
Specimens are always found closed, hence internal structures not seen. 

Dimensions of the holotype number 112, a complete carapace : length 1.50 mm., 
height 0.70 mm., width 0.60 mm.; paratype number 113, a complete carapace: 
length 1.35 mm., height 0.63 mm., width 0.46 mm. 
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HmiarkH : The present Hpecie« renemble^ Bairdiu chipolemis described by 
Puri from the Miocene of Florida Panhandle Init differs from it in having a different 
length to height ratio. Moreover, liairdia ehipolemis has a straight ventral side 
while in the present species it is concave. Bairdia ubaghni described by Veen from 
the Ma(?strichtiau of South Limburg differs from this 8i)ecie8 in having a straight 
ventral side and in details of the dorsal margin. 

Tlu^ 8p(‘cies is abundantly represented in the beds of the Lutetian age occurring 
at localities I, IT. and l\\ 

liairdia sp. 

1\*xtdig. I, figure :la-(; 

In side view carapace elongate and ovate. Dorsal margin arched, ventral 
margin curved anteriorly and almost flat posteriorly. Anterior end rounded with 
no antero dorsal angle. Dorso- posterior side slo{)ing and forming angularity with 
vtmtral margin. Highest part of tin* (‘arapa<;e a lit tle [)osteri()r to middle and surface 
Hm(»oth. Marginal area broad witli radial canals. 

f)inH*nsio»rs of a riglii valve ; l(*ngth O.Hb rnm., height O.oJ min., width 0.12 mm. 

Ih murks : It is a v(‘i y rare form and is generally found badly preserved 
making s[M*eitie identification difli<’nlt ; occurs in tin* beds of Lutetian age at locality 

( )i(‘nns liAiKDoeiMriATA (!oryell, Sample and .Jennings, llKlo 
Ha irdoppiUUfi raj aaih i 
IVvsari and Tandon, n.sp. 

1\‘\t-fig. I. tignre 5a-h 

In side vi(‘\v carapaci^ large, intlated suhtriangular. Dorsal margin archeil 
hut its middle poriion straight with concave anterior and posterior ends. Ventral 
margin concave in the iiiiddh* hut convex at- both ends. The upper half of the ante- 
rior end angularly rounded, posU‘rior (*n<i is drawn out to a point below the middle 
lin<‘. Left valve larger t han right and higln\st part of the carapace in middle. Hinge 
line in tin* right valve consists of two erenulated tc(^th sitnatcHl at its extremities. 
Surface smooth, marginal art‘a broad with pore canals. A few small indistinct 
spines on the posterior (Mid of carapace, tn dorsal view jinterior and posterior ends 
comf)r(\ss(^d. 

Dimensions of the holotype immher I IS, a right valve: length I.IIH mm., 
height 0.7 mm,: paratype number IIO, a complete carapace: length 0.82 mm., 
height 0,45 mm., widtli 0.;j2 mm., and paratype number I20, a right valve : length 
I.I3 mm., height 0.05 mm. 

Remarks: 15ie species n^semhles in outline to BairdoppiluUUrumgulata des- 
(Mibed by Puri from Kephura and (\vneellaria facies of the Choctawhatchee stage, 
Miocene of Florida. But it differs from the American species in the shape of the 
posterior end, which is much more drawn out in tlie present form. Similarly, the 
position of the teeth on the hinge of this species is intermediate between that 
of Bairdoppilata triangulata and B. willlsensis described bv Puri from Miocene of 
Florida. 

The sptHMcs is nanu>d in honour of Prof. Raj Nath of Banaras Hindu Univer- 

sity. 

The species is commonly found in the beds of Burdigalian age occurring at 
locality VI. 

Genus bytiiocypkis Brady, 1880 
Bythocypris mianica Tewari and Tandon, n.sp. 

Text -fig.2, figure la-b. 

In side view the carapace is kidney shaped, medium and fragile. Dorsal 
margin strongly convex particularly in the middle. Anterior and posterior ends 
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rounded. Left valve larger overlapping the right valve doreally and veutrally 
but not so much at the ends. Anterior end somewhat longer than the posterior. 
The highest part of the carapace a little anterior to the middle and surface smooth. 
In dorsal view it is oval in outline, anterior end somewhat less rounded than the 
posterior. 

Dimensions of the holotype number 121 , a complete carapace ; length 1.22 mm. , 
height 0.56 ram., width 0.48 mm.; paratyp<» number 122, a complete carapace : 
length 1.20 mm., height 0.54 mm., width 0.45 mm. 

Remarks : The species resembles Rijthocypris ifoodtandensis Alexander dos- 
(bribed from the Albian of Texas in lateral view Imt is distinct from it in dorsal view 
in having both the ends comparatively more rounded. It resembles Hythocypris 
parilis Ulrich illustrated and described by Schmidt from the Eocene of Virginia, 
but differs from it in having the anterior side longer than the posterior, whi<rh is 
just the reverse of what we find in IhUhocypris parilis. 

The species is abiiiidantJy found in the beds of Luleticiti ivge ueeiirrinjjj itl locft- 

liHes I, II and IV. 

Family oYrmoAK Baird, lH4b 
Genus pakacypius Hars, 18(ii) 

Paracifpri.s wynneA Towari and Tandon, n.s[). 

Text-fig. 2» figure 2ad) 


(Carapace large, elongate, in side view and strongly tapering posteriorly, Antei- 
ior end obliquely rounded and strongly accuminate postero-veutrally. Dorsal 
margin moderately curved sloping gently anteriorly and posteriorly, huria(/e 
smooth and punctate. Larg(‘r left valve with a groove on the dorsal side to receive 
the dorsal edge of the right valve. Carapace highest a little anterior to the midmc 
region with distinct radial canals. In dorsal view carapace highly elongated with 
anterior and posterior ends eornpressed. 

Dimensions of the holotype number 123, a complete carapac^e : hmgth 1.38 mm,, 
height 0.4fi mm., width 0.32 mm,: paratype number 124, a complete carapace: 
length 1.34 mm., height 0,41 mm., width 0.37 mm. 

Remarks : The species closely resembles Faracypris franqnesi Howe and Cham- 
bers redcscribed by Steplienson from the Eocene rocks of Smithvilic, .rexas from 
which it can be* distinguished by its subeentral highest region, a slightly more obtuse 
posterior angle and the flat ventral side, ft is also distinct from Faracypris 
fie.ns described from the recent sediments of Avalon Bay, Santa Catalina 
which is characterised by its concavity of the ventral side and sharply pointed but 

slightly upturned posterior extremity. , . i i 

The species is named in honour of A, B. Wynne, the pioneer geological worker 

of Kutch. . ^ 

The species is rarely represented in the beds of Lutetian age occurring at 


locality IV. 


Faracypris gajensis 
Tewari and Tandon, n.sp. 
Text-fig.2, figure 3a-b 


In side view, the carapace large, elongate, sub triangular and lentiwlar. 
Anterior end broadly and evenly rounded, postero-ventrally accuminate and sha^. 
The dorsal margin angled and arched in well developed specimens. The post^ior 
margin suddenly takes a turn and makes an angle with the ventral margmjvluch 
is almost straight. Highest portion of the carapace a little m front of midm^ 
Larger left valve overlapping along the dorsal and middle of 
a groove on dorsal margin to receive the sharp edge of the right Margto 

ar^ broad with straight radial canals, anterior and postenor vestibules visible; 
surface smooth and punctate. 
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Bimeomoas of the )ioloty|>e nurnl>er 125, a coraplete carapace : length 1.34 mm., 
height 0.58 mm., width 0.26 mm.; paratype number 126, a complete carapace : 
length 1.2 mm., height 0.58 mm., width 0.40 mm. 

Retriarkn : The sf>ecieH differs from Paracypris choctawhutcheensis Puri, 1953 
from tlm Mtocencj of Florida Panhandle in having more convex and angular dorsal 
margin and straight vi^ntral margin, which is gently concave in the former. The 
posterior end with its angularity is typical of this species and makes it distinct from 
ParacyprU wynwi n.sp. and ParacyprU chipohnsis described from the Chipola 
facies of Mi<»cene of Florida T^vnhandle. Paracypris ,stolki van den Bold, 1958 Irom 
Oligo Mioceuc (»f Trinidad rcsiunblcs this species in the shape of the anterior end 
hut differs in the details of the shape of dorsal margin and postero- ventral angle. 
This HiKHics also tliffers from PararypriM aflf. UmhurejensiH and Paracypris communi.s 
from the Palaooceue of Trinidad in side view as well as in the posterior end. 

'fhe species is rarely represented in beds of the Lower Mioc(MU‘ ag(‘ otcurring 
at h)caliti(^s V afid VI. 


Family CYTUERfUAF. Baird, IS59 
Sii))family oythekidkinak Sars, 1925 
(hums iiAPi.ocYTHEKinKA Ktephonsoii, I93(i 
llaplocytheridm m urashtrensis 
Tewari and Tandon, n.sp. 

T<‘Atdig. 6, figure 4a e 

In sidt'. vimv carapace elongate and oblong: anterior end broadly rounded, 
f)o8terior end narrow but rounded. Dorsal margin moderately arched, ventral 
margin almost straight witfi concavity in front of the middle. Larger left valve 
overlapping the right at dorsal, posterior and ventral margins. It shows strong 
dimorphism, the reriiales arc more inflated and oblong. The hinge in the right 
valve consists ol two (u*onulated teeth which fit into the corresponding crenulated 
grooves at the ends of tlu’! hinge in the left valve. Carapace (concave ventrally in 
males but convex in females. Marginal area broad witli indistinct pore canals; 
aniero-ventral margin cTcnulated and posteriorly, the females are highly inflated. 
In dorsal view the carapace is widest, a little anterior to the middle. 

Dimensions of the lioloty[)e iuiml)er 127, a complete male carapace : length 
6.71 mm., height 6.41 mm., width 6.36 mm.; paratype number 128, a female left 
valve : huigth 6.72 mm., height 6.45 rum.; paratype number 129, a male right valve : 
length 6.76 mm., height 6.38 mm.; paratype number 136, a left female valve : 
length 6.72 mm., height 6,45 mm. 

Remarks : This species somewhat tesembles Haplocytheridea subovata (ITlrich 
and Bassler) redeseribed by van den Bold from the Oligo-Miocene of Trinidad but 
iliffers from it in having pitted surface. It also diiHfers from Haplocytheridea nowo- 
tnyi clescTibed by Stephenson from the Eocene of Smithville, in the outline of 
carapace. 

The species is abundantly represented in the beds of Aquitanian and Burdigalian 
ages tx'curring at localities HI, VI and VII. 

(Jenus KiiiTUK Brady, Crosskey and Robertson, 1874 
Krithe indica 

Tewari and Tandon, n.sp. 

Text-fig, 2, figure 5a-b 

In side view carapace elongate, smooth and obliquely truncate at the posterior 
end. liOft valve overlapping the right. Anterior eritt broadly rounded, postero- 
ventral corner angulated. Highest portion a little posterior to the middle. Posterior 
end gently starts sloping from the middle. 
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Dimensions of the holotype mimber 131, a complete carapace : length 0.57 mm.; 
height 0.27 ram., width 0.28 mm.: paratype number 132, a complete carapace: 
length 0.55 mm., height 0.27 mra., width 0.27 mm. 

Remarks : This species differs from Kriihe trinidadams in being less elongate 
but somewhat resembles Krithe reversa van den Bold from Oligo-Mioeene of Trinidad 
in the posterior end of the carapace. Krithe giiatrrnuknsis van den Bold, from 
the Palaeocene of Trinidad is quite distinct in both the lateral and dorsal views. 

The species is commonly represented in the beds of Lutetian age occurring 
at lo(;alities T, II and IV. 


Krithe indica var. kvichensis 
Tewari and Tandon, n.sp. and n.var. 
Textdig. 6, figure 2a--b 


This variety is similar to Krithe indica but differs slightly in tlie slope on the 
post(Mior side which in this case is abrupt and large. Moreover, Krithe indica is 
more compressed on the posterior side. Marginal area broad. Internal (characters 
are not seen as only closed carapace are found. 

Dimensions of the holotype mimber 133, a complete (wapace : length 0.80 mm., 
lieight 0.30 mm., Midth 0.30 mm.; paratype number 134, a (.omplete carapace: 
length 0.55 mm., height 0.25 mm., width 0.24 mrn. 

The species is commonly represented in the beds of Aquitanian and Burdigalian 
ages occurring at localities III. and VI. 

Siil)l‘amily paracytiieridinak, Puri, 1957 
(ienus CARACYTHERiDKA G. W. Mullcr, 1894 
Paracytheridea misrai 
Tewari and Tandon n.sp. 

Text-fig. 2, figure 4a c 


In side view carapace subquadl*at(^ upper part of the anterior end obliquely 
rounded, lower part broadly rounded, dorsal margin straight and ventral margin 
somewhat sinuous. Posterior end truncated and prodm^ed in an angularity. 
Surface smooth with a prominent ventral edge and backwardly directed alae form 
ridge which ends in a spine. Swelling on the posterior cardinal angle with an 
oblique ridge and also on the antero- ventral part of the carapace with two sinuous 
fine ridges. Eyespot indistinct. Hinge in tfie right valve almost straight with weakly 
developed crenulated teeth at both ends of the hinge. Marginal area moderately 
broad and marginal pore canals obscure. In the dorsal view carapace compressed 
at both anterior and posterior ends with maximum thickness behind middle. 

Dimensions of the holotype number 136, a right valve : length 0.67 mra., 
height 0.33 mm., width 0.28 mm.; paratype number 137, a right valve: length 
0.66 mm., height 0.33 mm., width 0.28 mm. 

Remarks : The species is quite distinct in shape and ornamentation from 
Paracytheridea tschoppi described by van den Bold from Oligo-Miocene of the 
Southern Trinidad. It also differs from Paracytheridea chipolensis in outline and 
ornamentation of carapace. In side view the species has some resemblance to 
Paracytheridea washingtonensis but it differs from the latter species in having a 
more inflated carapace, longer alae form spine and characteristic ornamentation 
of the carapace. 

The species is named in honour of Prof. R. C. Misra of Lucknow University. 

The species is rarely represented in the beds of Aquitanian age occurring at 
locality V, 
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Subfamily TBACHYi.EBERiNAK Sylvester- Bradley, 1948 
Germs actinocytherbis Puri, 1953 
Actm)cythereis gujaratemi^ 

Tewari and Tandon, n.sp. 

Text-fig. Ib figure la-'b 

(Jarapaee stout, subrhomhoidal in side view, anterior end obliquely rounded, 
posterior end round: both the ends erenulated. Dorsal margin jagged, ventral 
margin almost straight, anterior marginal rim broad and elevated. Surface with 
coarse ornamentation of a few large knobs, occasionally elongated, transverse Uy 
the length of llie carapace and arranged in three rows along the length of the cara- 
pace. Hinge line straight, holamphidont, consisting of an anterior stepped tooth, 
a postjaeeni socket followed by a groove and posterior rounded tooth. Anterior 
marginal area broad and with numerous pore (^anals. 

Dimensions of the holotype number 138. a right valve : length n.(>8 mm., 
height 9.35 mm.; paratyfM* iiumlxu* 139, a right valve ; length 0.55 mm., height 
0.33 mni. 

Remarks : This species differs from Aefinoegthf reis howe.i Marianos and 
V'alentine from the Koeene of (California in details of shape, with which it has slight 
resemblance in ornamentation. Actinoeifiln rt is exanthemata seems to have close 
resemblance in outline of <arapae(; to tin* f)resent species. However, it can be 
distinguished fr<mi the latter by its coarsi^ ornamentation. 

The HjM^cies is c(»mmonly represented in the beds of Aquitanian age uceurring 
at loefdity V and in lh(‘ beds of tlu‘ Hurdigalian age occurring at locality VII. 

. b7/ noCf/therei.s }niiorensis 
'fewari and Tandon, u.sp. 

Text dig. 3, ligun‘ *Ja l> 

insiileview carapace subcpiadrate an<l .stout: anterior end oblicpiely rounded, 
posterior end broadly rounded. Dorsal and vimtra! lines almost straight and parallel 
to each otiier. Ant(»rior marginal rim broad, ('h vated with small nodules on 
its 8urfa(Hn Both tlie anterior an<l posterior (*nds creniilated. Surfac^c covered 
by a few^ small nodules arranged in tlire(‘ rows parallel to the length of the carapace: 
posterior end has spiny nodules. Hinge straight, holamphidont, marginal ar(‘a 
broad with few pore canals, 

Diinensious of flu* hol<»type number 140, a eomplete right valve : length 
1.04 mm., height 0.48 mm.; pandype* numlnT 141. a complete left Aalvc : length 
0,95 inm., height 0.43 mm. 

RemarLs : 'Phis spreies can la* distinguished from Actinocythereis ijujaraiensi^ 
n.sp. by few’er elements of ornamentation and the outline of carapace. 

The .species is eommonly r<*prcsente(l in the l>ods of A(iuitanian ag(‘ occurring 
at locality \'. 


(hums rTEHYoocYTHKRKis Blakc. 1933 
Pie rygocythe re is marhe m is 
Tewari and Tandon n.sp. 

Text-fig. 3, figure 3a-c 

In side view earapi\oe subquadrate, elongate; anterior end broadly rounded 
and posterior end somewhat truncated and pointed. Dorsal margin straight, ven- 
tral margin almost straight; eyespot distinct. An atae form ridge on the ventral 
side, directetl posteriorly; surface reticulated. As seen from the inner side the car- 
apace is moderately deep. Hinge almost straight which is typically holamphidont. 
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In the right valve there is an anterior stepped tooth, a posljacent socket connected 
With a bar. Anterior marginal area broad, pore canals iudistinct. In dorsal view 
both anterior and posterior ends compressed; indistinct portion on the posterior 
end of the ala. 

Dimensions of the holotype number 142, a otunplete right valve : length 
0.94mm., height 0.57 mm.; paratype number 14:i, a complete left valve; lentfih 
0.93 mm., height 0.57 mm. 

It^>w(hTks . Ptf'fy(^ 0 C'yth€fi^is cotuHtd (hfUAifivAhHAi somewhat resemhles this s|.)ecies 
in outline of the carapace but differs in having a smooth surface and prosenee of 
coarse cremilatiohs on the posterior side. Pier ygocy there is sp. described by van 
den Bold from the Palaeocene of Trinidad has a smaller ventral ala, with am^f her 
weaker, thinner ridge below and parallel to it and surface e(>nif>aratively smooth. 
Presc'Jit species is characterised by a prominent ventral alae and strong reticulation 
on the surface. Anterior end of carapace finely denticulate, while the posterior 
end lii\s one or two blunt spines. 

Tlie species is rarely represented in the })eds of Lutetian ag<» occurring at 
locality F. 

Genus tuaohylebkris Brady, ISt)8 
Trachyleheris i hhujemls 
Tewari and Tamlon, n.sp. 

Text-fig. 6, figure 3a-l) 

In side view (carapace subquadrate, small and both right and left valves of 
e<jual size. Anterior end broadly rounded, po.sterior end narrowly roundtsi. Both 
the anterior and posterior marginal rims prorniiumt; anterior side denticulate and 
posterior side with spiny processes. Ventral edge straight, dorsal margin jagged 
due to the presence of spines. Hurface of the carapace covered by very fine spines, 
Eyespots prominent; hinge line straight. In dorsal view the carapace compressed 
both tantcriorly as well as posteriorly; widest part in the middle region. 

Dimension of the holotype number 144. a complete carapace : length 0.65 tnm., 
height 0.28 mm., width 0.20 mm.; paratype number 145, a complete carapace : 
length 0.73 mm., height 0.33 ram., width 0.23 mm. 

Reinarks : The species resembles Trachyhhe.ris ? grignbyi (Howe and Oham- 
bers) in shape and outline of the carapace but differs in ornamentation. Trachyle^ 
heris ? splendens is similar in ornamentation and in the presence of a prominent 
cyespot but is quite dissimilar in shape as compared to the present species. 

The spf^cies is rarely represented in the beds of LuU^tian ago occurring at loca- 
lity I. 

Trachyleheris vinjhanensis 
Tewari and Tandon, n. .sp. 

Text-fig. 3, figure 4a'b 

In side view carapace elongate, subquadrate, heavy, lower half of the anterior 
end broadly rounded, upper half obliquely rounded; posterior end obtuse; highest 
portion at the anterior cardinal angle; dorsal and ventral margins jagged. Anterior 
end finely and posterior end coarsely crenulate. Anterior marginal rim broad and 
elevated with nodes on its surface. Surface of carapace covered by large and small 
irregularly distributed nodes. Hinge straight, and in the right valve consists of 
an anterior rounded tooth, a postjacent socket and a posterior rounded tooth 
connected by a groove which becomes broader in the posterior end. Marginal 
area broad with pore canals. 

Dimensions of the holoty^ number 146, a complete right valve : length LQO 
mm., height 0.62 mm.; paratype number 147, a complete right valve : length 0.96 
mm., height 0.48 mm. 
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Remark^ : The Hpecien diffem from Trachyhberu monigormryensis (Howe and 
(^liamber«) in havi^ knobr) instead of spines on the surface as found in the latter 
species. It als^) differs from Tr(Jtchyleb^.ris scahrocunmiea (Brady) in the shape and 
ornamentation of the carapace. TrachyleheriH hhujemis n.sp. from Kutch is a smaller 
form with more converging dorsal and ventral margins and very fine ornamentation 
of small spines, hut differs from the latter in ornamentation. It resembles feebly 
w> TrachyUheris iMAxiCAUpinata^ Marianos and V^alentine in the posterior end of eara- 
{>ar‘e. 

The sjHJcies is abundantly repn^senterl in the beds of Aquitanian and Burdigalian 
ages occurring at localities III, V, VT and Vil. 

(JenuH .fcoosor^YTHEREis Puri, 1957 
J ugoMocy there in ? sp. 
i’extdig. .*1, figure 5 

In side view, carapace elongaf (‘ and sulxjumirato. Anterior end broadly rounded 
in the lower part and obliquely rounded in the upper part. Dorsal margin nearly 
straight on posU^rior end but gently concave in the anterior part; ventral margin 
almost straight. Highest part ot the carapace at th(‘ anterior cardinal angle. F^os- 
teri<ir fuid com pressed, truncated and angular near the ventral margin. Anterior 
end very linely dt'iUiculate; anterior marginal rirn narrow and distinct. Subtri- 
arigular [posterior end with three or four small blunt projections. Carapace orna- 
mented with two prominent ridg<\s somewhat elevated near the posterior end, the 
tme on the posterior cardinal angle slightly curved. There are line longitudinal 
ridges all ov'er th(* surface and the area between them is pitted. There is a small 
sub-central tubercle; (^vespot distiiu't. 

Dinu^isions of th(‘ sp<‘eimen nunilier I IS, a (M)inplete carapace : length 9.715 mm. 
I»eight9.4l nun,, width 9. 151 mm. 

It* marks : A solitary closed cara|)ac(» has been found whi(*h prevents us from 
iis.signing it a sptK-itic nam(‘. However, the species resembles in outline of the ear- 
apa(xM<) trimrinata described bv Puri from (Vystal river formation 

Honda Irorn which it can be distinguished by its characteristic ornamentation' 

1 he Hp<‘cies IS rarely found in the beds of Burdigalian age occurring at locality VI.' 

(Jenus CYTHEHKIS Jone.s, 1849 
Cythereis ? kankatmlit n.sis 
Ti»w'ari and Tandon. n.sp. 

Text-lig. 5, figure ‘5 


In .side view curaiwce sub(,iKvdrate, HUn.t: donsal ,ind ventral margins straight 
Anterior end broadly rounded and posterior end attenuated and obtuse Anterior 
marginal nm present, iwstenor rim very distinct and surface ornamented with 
cowso reticulation. The eharacUwistii- feature of the .species is the inflat^ wall 
a little poatenor to tlie centre and coarse reticulation. Eyespot and muscle scar 
indistinct. Maximum hcigiit near the anterior cardinal angle. 

V. ■ i?' A holotype number 149, a complete carapace ; length 0 77 mm 

’ P^ratype number loO, a compifte oarLaS - 

length 0.78 mm., height 0.37 mm., width 0.28 mm. ^ P • 

o. species resembles in ornamenUtion with Cuthereis bursilloide/t 

S^mchenko redesenb^ by Stephenson from Eocene of Smithville Texas but 

sISSLt i«««™-hat roundS in Matter 

specidd out 18 truncated in the present species. 
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Subfamily hemicythbbinak Puri, lOii:^ 

Genus hemicythbre Sai*8, 192.1 
HemicytJme, sahnii 
Tewari and Tandon, lusp. 

Text-fig. 4, figure la-d 

In side view the carapace large, subquadrate, l(‘ft valve larger than the right; 
highest point near the eyespot. Anterior end broad and obliquely rounded; poster- 
ior end lower, bluntly angular. Wall of the carapace infiattxl veutrally with a ven-^ 
tral alae form expansion with two longitudinal ridges which die out posteriorly. 
Eyespot prominent. Dorsal margin moderately arehed, sloping posteriorly. Ven- 
tral margin somewhat flat with a characteristic antoro-ventral angle. Surface of 
the carapace smooth with a depression on the ventral lino and little ai\terior to the 
middle representing inturned ventral margin. Hinge (*iirved, in the left valve it 
consists of an anterior rounded socket, a postjacent smooth tooth, followed hy 
a narrow bar to the posterior rounded socket. Right valve is complimentary with 
the anterior socket and posterior noncrenulate socket of the left. The ridge or bar 
is separated from the dorsal margin by a narrow farrow; marginal areas are fairly 
broad with numerous radial canals. In dorsal view the anterior and jK)8tcrior ends 
compressed. 

Dimensions of the holotype number lol, a I'omplete carapa(*e : length 0.85 rnm., 
height 0.4S mm., width 0.40mm.: paratype niimher 152, a left valve : length 0.73 mm., 
and height 0.43 mm. 

Remarks : This species differs from Hemicythere amygdala described by Step- 
henson from Middle Tertiary strata of Texas in the shape of carapaco^and smooth 
surface which is pitted in the latter. There is also absence of alae in the species 
of Texas. It also resembles in outline with Hemicythere punciaUt^ describe.d by 
Puri from the Upper Eocene beds of Crystal river formation from which it differs 
in having a smooth carapace instead of finely pitted ornamentation of Hemicythere, 
punctata. The posterior end of the present species is dissimilar from it. Present 
species is characterised by the presence of two longitudinal ridges on the ventral 
alac form expansion which are absent in Hemicythere amygdala. 

The species is named in honour of Dr. M. R. Sahni. 

It is abundantly represented in the beds of Lutetian age oecurring at Iwalities 
T. TI and TV. 


Hemicythere aff. amygdala Stephenson 
Text-fig, 4, figure 2a- b 

Hemicythere amygdala Stephenson, 1944, J. Palaeont., 18, p. 168, pi. 28, figures 8, 9* 
Hemicythere amygdala Stephenson, Puri, 1963-6, */. Wash, Acetd, Sci.^ 43, No. 0, 

p. 176, pi. 1, figure 3. 

Hemicythere amygdala Stephenson, Ihiri, 1963, Bull, Fla, geol, Surv,, No. 36, p. 266, 
pi. 14, figure 11. 

In lateral view carapace of medium size and almond shaped with upper half 
of posterior end concave, lower half obtuse. Highest portion of carapace in middle; 
ventral margin slightly convex. Lower part of the anterior end rounded, upper 
part obliquely rounded. Valves of equal size with reticulated or pitted surface; 
ITie hinge of the right valve with a Imob like anterior tooth, a broad postjacent 
smooth socket followed by a groove and a rounded prominent tooth at the posterior 
end. Marginal area broad, pore canals numerous and straight. Carapace inflated 
near the ventral side with two longitudinal ridges. In dorsal view the widest part 
of the carapace just posterior to middle. 
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DimeiwiooH of the specimen number 153, a right valve : length 0.70 mm., 
height 0.45 mni.; specimen number 154, a right valve : length 0.64 mm., height 
0.40 ram. 

Remarks : This sj>ecie8 has close resemblance to Heniicyihere amygdala des- 
cribed from the Ohipola facies of the Miocene of Florida; nevertheless, it has minor 
differences with the latter in details of posterior end. 

It is abundantly r^resented in the beds of Aquitanian and Burdigalian ages 
occurring at localities III, V, VI and VII. 

i {etuis H RUMANIA Puri, 1953 
Her mania indica 
'IVwari and Tandon, n..s|). 

3'ext-tig. 4. figure 3a c 

In side view carapaces sub(|uadrate and elongate. Anterior side broadly 
rounded and ereiiulated; |>osterior end angular witli few spines. Ventral margin 
moderately convex on the posterior side; a ridge on th(? ventral side of the carapace 
starting suddenly from the posterior side and gradually dying out at the anterior 
end. AntcM'ior eartlinal angle well d<‘velopeti. Surface of the carapace pitted 
and nivered with small rounded nodules. A pronounced subcentral muscle-scar, 
node and eyespot visible. Anterior and posterior marginal rims narnnv. Internally 
the dorsal liru^ is irregular; hinge line is straight and in the left valve consists of 
ivn auti'rior soeki^t, a postjacent rounded tooth followed by a finely crenulated. bar 
and a posterior rounded socket. Greatest height of the carapace at the anterior 
ordinal angle, anterior and posterior ends compres.sed. Marginal area broad 
an<l radial canals present. 

nimensi(»ns of the holrjtypc number 155, a complete carapaci* : length 0.83 mm., 
lieighi 0,10 mm., width (».45 mm.; paratype number 150, a h ft valv(' : length 0.73 
u)m., height 0,13 mm. 

Ikmarks : As seen from tln‘ ventral side Ilerrnania r<ticulafa Puri, 1953 des- 
i'riluKi from the ( hipola lacues i>t (ht* Alioccnc t)f Plorida. closely resembles the 
present species. However, in lateral view llu* pn^sent species is (juite distinct 
from Hrrnmnia rHicnIata in having dorsal margin juore pronouncedly sloping and 
sub-central museh' scar node produced in the form of a ridge anteriorly. The 
anterior cardinal angle is more pronounced and the <lor8al keel fairly well developed. 

1 he sp(*cit\s is abundantly found in the beds o( liUtetian at^’e oceurriii'^ at 
localities 1, 11 and IV. ” ” 

Hcrmania purii 
Tewari and Taudon, n.sp. 

Text-tig. 5, figure la b 

In side view carapace subquadrato, left valve moderately overlapping the right, 
auU>rior to middle; anteri(M' end obliquely rounded, posterior end somewhat produced 
with live spiny processes. Dorsal line slightly wavy, ventral line undulating. 
Anterior marginal rim distinct. Highest part of the carapace at the anterior cardinal 
angle; surface reticulate. There is a ventral ridge starting one-fourth distance from 
the posterior end gradually disappearing at the antero-ventral angle; a faint dorsal 
ndge Htartmg from one-fourth of the posterior end disappearing at the antero-cardinal 
angle wath a bimk in the middle of the dorsal line. Both the ridges are alate. Hinge 
on the left valve, consists of a large smooth anterior socket, a postjacent smooth 
tooth and a posterior rounded socket connected by a long bar which is sKghtly 
crenulated and straight. Eyespot and smooth sub-central postule prominent. 
In dorsal view maximum width of the carapace a little anterior to the middle: 
posterior end compressed. Marginal area broad with pore canals. 
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J^imensioiis of the holotype number 167, a complete left valve : length mra.» 
height 0,37 mm.; paratyix^ number 168, a complete left valve: length 0,04 mm,, 
and height 0.36 mm. 

Remarks : The present species closely resembles Hermama reiicuhita d<^ori. 
bed by Puri from Miocene of Florida Panhandle and occurring abundantly in tlie 
Chipoia facies. However, there is a distinct diflferonce between the two six’icies with 
regard to the posterior end. In the former species the posterior end is sub-acute, 
truncated and produced; stuffe^l with six or seven vcntrally projecting spines in the 
ventral half of the i) 08 terior end. In the prei;ent species, however, the fwsterior 
end is not much truncated and <H)ntains only five spines. 

The species is named in honour of T)r. H. S. Puri of Florida Geological Survey, 
Tallahassee, Florida. 

The species is commonly found in the beds of Acpiitanian age occurring at 
locality V. 

Subfamily t ythjckorii^ae Muller. 1844 
(Jenus rAiJKNBOKCHKLLA Kiiigma. ISi>4 
Paijtnhorchella holdi 
Tewari and Tandon, n. sj). 

Text-fig. 6, figure 2a-b 

In side view carapace subcjuadrate, elongate. Dorsal margin sinuous; ventral 
margin somewhat concave. Anterior end nbli(|uely rounded, posterior end 
triinc ated and ])roduced in a caudal proeess at the base of ventral margin. Anterior 
marginal area broad and distinct. Highest part of the carapace at the anterior 
cardinal angle. A faint vertical sulcus in the middle of carapace; an alae form ridge 
starts from the junction of the posterior end and tlie caudal process, proceeds 
sinuously joining the anterior rim. Two hump like swellings near posterior cardinal 
angle connected with each other; two swellings in front of the middle near the 
ventral margin. The carapace has always been found closed, hence the internal 
characters not visible. 

Dimensions of the holotype number 159, a complete carapace : length ().85mm., 
height 0.41 mrn., width 0.41 mm.: paratype number 160, a complete carapaeo : 
length 0.72 mm., height 0.38 mm. and width 0,37 mm. 

Remarks : The spccie.s dilfers from PaijeufjorcheUa inarssoni described from the 
( -retaceous of Rugen and Paijenborchcdla trigona described by Marianos and Valen- 
tine from the Eocene of California in details of shape and ornamentation of tlu^ 
carapace. 

The species is named in honour of Dr. W. A. van den Bold of Batfiafsche 
Petroleum Maatschappy, The Hague. 

The species is commonly represented in the beds of Acjiiitaniau age mrcurring 
at locality V. 

Subfamily cytherettinab Triebe), 1952 
Genus cytherecta G. W. Miiller, 1894 
Cyihereita cheropadiensis 
Tewari and Tandon, n.sp. 

Text-fig. 5, figure 4a-b 

In side view carapace elongate and ovate. Dorsal and ventral margin almost 
parallel, dorsal margin slightly curved. Anterior end broadly rounded; anterior 
cardinal angle prominent and posterior distinct. Anterior marginal rim broad, 
elevated and smooth. Left valve larger, overlapping the right valve at the cardinal 
angles and in the middle of Ventral margin. Hinge line straight and in the left 
valve consists of a prominent anterior socket, a postjacent tooth followed by a bar 
and on the posterior end there is a shallow socket. In the right valve, the hinge is 



160 


B. 8. TBWAHI ASD K. K. TASBON : HUTCH MICBOFAUKA 


cotnpletiHiulary with the anterior sn)(K)th socket of the left valve. Highest part 
of the carapace near the anterior cardinal angle. Surface pitted, marginal area 
broad M'ith pore canals. 

Dimensions of the holotyiM* number 161, a complete left valve: length 
0,86 mm,, height 0.48 mm.; paratype number 162, a complete left valve : length 
0.88 mm., and height 0,,'it» mm. 

Renutrkx ■ This spetues differs froni ('ytMrfUn aUxanhri Howe and Chambers 
reclescrilKMl by Hlake from the Gos[»ort sand (if the Claiborne Eocene. Clarke County, 
Alabama, in tin? sha|H‘ of the carapace as well as in the ornamentation. ('ythxrdUi 
hurmi (Clrich and Bassler), redescribed by Puri from the Middle Miocene Area 
■/.one of the fJlux^tawhatcluie formation of Florida, differs from the present species 
in ornamentation and in the ah.senee of any prominent ant(;rior marginal rim. 

The MiHicies is eommonly represented in the beds of A(piitanian at»d Bnrdigalian 
ages oc< Hiring at loealitii^s \'. \T and VII. 

Suborder pr.ATyuorA Sar,s, 1H66 
Family cvthbhki.i.ioak Sars. IStiti 
tJeiuiH <;VTU KliKLi.oiDK.v Ale.'cander, 1020 
( ' ijlhi' iTlloidia kathiairarensi.'< 

Tewari and Tandon, n.sp. 

'rext-tig. 6, Hgiirt^ 

Ill side view earaiwice thick, subquadrate and oblong. Dorsal and ventral 
margins straight and almost parallel to eaeb other. Highest part of the carapace 
at the anterior cardinal angle. Both the anterior and posterior ends broadly rounded 
and smooth. Posterior end narrower, flat carapace, surface ornamented by a 
marginal ridge continuous all round it and widest at the antero-ventral angle. 
Another lidge starts from the eireum-marginal ridge, a little below the middle at 
the posterior end and extends towards the antero-eardinal angle terminating in 
a downward slope within the outer ridge. Surfaire punctate and smooth. In 
dorsal view anterior end rounded and postf'rior end compressed. 

Dimensions of the holotype number 16:{. a complete earap.ace ; length (1.61 mm., 
height 0.:12 mm., width 0.24 mm.; paratyjs- number 164. a complete carapace ; 
length 0.59 rnm.. height 0.:U) mm., and width 0.22 mm. 

Retnarks : The present sjMicies resembles ('nlhrreUoidm Howe (1928) 

from the Miocene of Culf ('oast but differs mainly in the length of the inner ridge 
which in the present species extends up to three-fourth of the carapace, whereas, 
in the former species it extends only up to one-fourtli of the length of carapace. 
Moreover, the inner ridge in this species is oblique to the outer ridge but in case 
of CyUierrlloidea Ifonend-s. it is parallel. The present species also differs in the 
dotuils of outline of the oarapuce with Cytherdloidea df tUicuIata (Bosquet) described 
from the Maostrichtian of Ijmburg. It somewhat resembles in outline of the cara- 
pace to ('ytherdloidea .mbgoodlandensM VVanderpool. 1933, but completely differs 
in ornamentation simx' the latter has two longitudinal ridges within circum-marginal 
ridge. 

The species is rarely represented in the beds of Burdigalian age occurring at 
locality V I. 

( 'yihtreUoidea barkhamnsis 
Tewari and Tandon, n.sp. 

Text-fig. 6, figure 6a-b 
Text-fig. 6, figure 1 

In side view earapt^ce small, oblong; showing clear dimorphism. Dorsal margin 
dcpres-seii and wavy, ventral margin slightly curved, particularly in the antero- 
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ventral and postero-ventral regions. Anterior end broadly rounded and posterior 
end nearly so. Marginal ridge all round the periphery, almost following the shape 
of the carapace. Surface smooth and punctate. The carapace in female larger 
and more inflat^ posteriorly than in the male. Two swellings on the posterior 
side of the marginal ridge and inside the carapace represented by two depressions. 

Dimensions of the holotype number 165. a complete female right valve : length 

0.63 mm., height 0.35 mrn.; holotype number 166. a male right valve : length 

0.58 mm., height 0.30 mm.: paratype number 167. a female right valve : length 

0.61 mm., height 0.33 mm.; paratype number 168, a male right valve : length 

0..57 mm., height 0.20 mm. 

Remarks : The species resembles ( ’ytherelloidea williatmonia in the shape 
of the anterior side but posterior ends of both the species are quite different. 
Cytherelloidea homnsis Howe, redescribed by Puri from Choctawhatchee stage of 
the Miocene of Florida resembles somewhat in the marginal ridge but is quite 
distinct in the shape of the carapace, ('ythfrelloidm (hntknlaUt from the Maestri- 
chtian of Limburg is distinct from the present species in shape of the dorsal and 
ventral margins and is characterised by the rectangular posterior end. 

The s])ecies is abundantly represented in the beds of Acpiitanian and Burdi- 
galian ages occurring at localities fll. V. VI and VTT. 
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Tkxt FIO. 1. 


Maguificaiioii about 34 '< 

Kig. 1. BtiirdUi indica Towari and Tandoii, n.sp. 

(>>cnpleio car^aca : a, right valv^o view; b, dorsal view. 

Fig. 2. Bnirdin mibdeUoidea var. kotej^hufaren^is Tewari and Tandon, n.var. 

Complete carapace : a. right valve view; b, dorsal view. 

Fig. 3* Bairdia sjp. 

Kight valve : a, dorsal view; b, external view; c, internal view. 
Fig. 4. Bairdia f kiriharti\^9 Towari and Tandon, n.sp. 

Complote carapace : a, right valve view; b, dorsal viow. 

Fig. 5. Hairdo'^piloia rainathi Tewari and Tandon. n.sp. 

Hight valve ; a, external viow; b, internal view. 
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Magnification about 34 x unless otherwise indicated 

Fig. 1. Bythocypris mianica Tewari and Tandon, n.sp. 

Complete carapace : a, rig^t valve view; b, dorsal view. 

Fig. 2. ParacypHa fvynnei Tewari and Tandon, n.sp. 

Complete carapace : a, left valve view; b, dorsal view. 

Fig. 3. Paracypria gajenaia Tewari €md Tandon, n.sp. 

Left valve : a, external view; b, dorsal view. 

Fig. 4. Paracytheridea miarai Tewari and Tandon, n.sp. 

Bight vedve, X about .54 ; a, external view; b, dorsal view; c, interna! view. 
Fig. 5. Krithe indica Tewari and Tandon, n.sp. 

Complete carapace, X about .54 : a, left valve view; b, dorsal view. 
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MagniBrAtion aho\i( lU >; unlo«H othorwisa indicatod 

Fig. I. Acimacfftherrij* gujarntcusift Towari aad Tandon, n.sp. 

Hight valve : a, oxtornal view; b, internal view. 

Fig. 2. AcHnocythereia tmtiorenttis Towari and Tandon, n.sp. 

Hight valve : a, external view; b, internal view. 

Fig. 3. Pterygocythertia nMrhenma Towari anti Tandon, n.8p. 

Hight valvo : a, oxtornal view; b. internal view; o, dorsal view. 
Fig. 4. Trachyleberis vinjhanenais Tew^ari and Tandon, n.sp, 

Hight valve : a, external viow; b, internal view. 

Fig. 5. Jugo90cy therein ? sp. 

Complete carapace, x about 54 : loft valvo view. 
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Text-fio. 4 . 


Magnification about 54 X 

Fig. 1. Hemicy there safmii Towari and Tandon, n.sp. 

a-o, completo carapace : a, left valve view; h, ventral view; c, dorsal view; d, 
internal view of loft valve. 

Fig. 2. Hemicythere aff, amygdala Stephenson 

Right valve : a, external view; b, internal view. 

Fig, 3. Hermania indica Tewari and Tandon, n.sp, 

a-b» completo carapace : a, dorsal view; b, left valve view; e, internal view of 
left valve. 


B. 8. TBWABl K, K. TAN0ON : KUTCH MICROFAUNA— 


166 



TKXT-b'Ki. 


^lagiiitiofttion about TjI x 


^^ig. I. 

Fig. 3. 
Fig. 4. 
Fig. T). 
Fig, 6. 


Hfrnutnm purti Towari ami Tfuidoii, ii.sp. 
boft valvo ; a, oxtornal vitnv: l>, internal view. 
iyijenborchelln boldi Towari and Tandon. n.sp. 

Complete oaranaco : a, right valvo view; b/dorsal view. 
[ ytmrets ? hankiixaUiensU Towari and Tandon, n.sp, 
Complete carapace ; right valvo view'. 

(^ythtretta ct^ropudknsis Towari and Tandon, n.sp. 

external view; b, internal view. 
^ytnerelwidea kathiaivarensis Towari and Tandon, n.sp. 
tompleto carapace ; right valve view. 

Cytherdloidea ^rkhantnsis Towari tvnd Tandon, n.sp. 
©male right valve : a, external views- b, internal view. 
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Tkxt-fu;. f). 


Magnification about 54 x 

Fig. 1. Cyt^herelloideu harkhanensiH Towari and Tandon, n.wp. 

Male right valve : external view. 

Fig. 2. Krithe indicn var. kutcheneia Tewari and Tandon, n.np. and n. var. 

Complete carapace : a, left valve view; b, dorsal view. 

Fig. 3. Tra^ykberia ? hhujeneia Tewari and Tandon, n.8|>. 

Complete carapace : a, right valvo view; b, dorsal view. 

Fig. 4, Haplocytheridca aauraahtrenaia Tewari and Tandon, n.sp. 

a-b, male carapace : a, dorsal view; b, right valvo view; c, male right valve, internal 
view; d-e, female left valve ; d, left valve view; o, internal view. 



SOME NTEW SPECIES OF CHALCIIXS FROM IXDIA 


by K. S. Nahayanan, F.N.L, B. R. Subha Rao and M. Ramachandka Rao, 
Divuion of Kntomolofjy, Indian Ayrieultumf Renparrh /nsliiute, Npw Delhi 

{Recptrpd December S, 1909 : read January 191)0) 


Abstract 

During tho courno of tho proliminary wurvoy of paraaitoH of <TOp fK^Hts in tho Indian Union 
iho following para«ito« worn roarod. Two apocioH of paraaitiM belonging to tho gonora Dasi/^ 
scapus and iWirmtichuH worn roaro<l from hoiuo thripH. Moth tho H|>ecuo8 worf3 found to be now 
apociort and <lo8criho<l an Dnaifiirapus thripmvomuM, now npoei*^ and TrtrafitichuH rhipophorn- 
mripHcidift, now H(>ooi(3H. rai**i«itoH from thri|)« are mont uncommon. Two now 8|H3oio8 of 
Amyitatus woro al»o reared from tho eggs of Acherontia styx and Halts dentata. Those have 
hwm dosoribod as Amistntus acherontiar, now spocios and Anastatus dentains, new specios. 
Aaotlior species belonging to tho genus CloHterocerus was reared from Agromyzft sp. and has been 
desnribcMi as (Jlasterocerus ayromyzae, ru»w s|)ecies. 

A species of the genus (Hoderocerns htis betui d<?8r?rilsMl for the first time from fndia. A 
key to Tndiaii sficcies of Anastatus has Immui given. 


Intuoduction 

During the courHi* of the s'lrvt^V of beneHeial parasiten and predators of crop 
pests in tlie [ndian Ihiion, the sjfceics described in the following pages were reared 
in the laboratory. There are very few records of parasites on thrips in the world 
and there is only one retard from the [ndian Union. In this paper two species of 
the genera DasyMcapiLs and J^drasHchus have been described as new to science. 
Two new' species of the genus Anafitatus and a spetdes of (donie roc crus have also 
been descrihiHl as new to science. Types have been deposited in the ‘National 
Pusa Collection’*. l.A.R.f., New^ Delhi. 

Kulopiudak 

DasysvapuH thripsivorous, new s{)ecies 

Female : -Length O.o rum. to Odi mm. Head and thorax darkish browm; 
antennae, abdomen and legs light yellowish. 

Head transverse, as wide as long, eyoji strongly divergent below', vertex and 
froas smooth, frontoelypeal suture forming a distinct straight line betw'cen the 
eomp^)und eyes. Antennae inserteti above the line joining the lower extremities 
of the eyes on tw'o lateral protruberances which are separated by the triangular 
shaped lahruin. Antennae eight segmented; scape long, thicker at the base and 
narrowed apically; pedicel more than half of the length of the scape; ring joint 
very narn>w and not very distinct except in well prepared mounts; funicle joints 
a little longer than broad; club four jointed, more or less equal in length to that 
of scai^. distinctly thicker than the pedicel, the joints subequal in length, the 
apical joint slightly longer than the rest and terminating in a prominent spine and 
beset with several long bristlcvs. 

Thorax smooth : — Mesonotum wdth distinct parapsidal furrows; scutellar base 
with one long spine laterad on either side. Wings liyaline, narrow at the base; 
marginal vein slightly longer than the submarginal; stigmal vein very short. Fringe 
at the apical margin more than twice as long as the maximum width of the wing. 
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Abdomen a little shorter than the length of the head and the thorax combinedi 
8ub petioiate, more or less ovate and pointe<l at the a}>ex. Ovipositor sheath 
prominent but not protruding beyond the apex of the abdoment, 

Male : Length O.o to 0.6 mm. Scape abnormally swollen and dark brownish 
in colour. Apical one-third of the abdomen sliglitly blacky otherwise t^SBentially 
similar to the female, 

Ho.st A species of thrips feeding on the groundnut. 

LoccdUy : — Ratnagiri (Bombay State). 

Collected: — M. Ramaehandra Rao, February 1958. 

Hololype : — One female on slide. Alhiype . - One male on slide. 

Dasysmpns thrijxsivorouit, new species can be t^iisily distinguishiMl from 
captis parvipenni^ Oahan by the following characters: 

1. Pedicel not ecjual in length to the ring joint and the following two jointa 
combined. 

2. Club distinctly thicker than the pedicel. 

3. Abdomen without any blackish or brownish spot on each side near the 
apex ill the female. 


(losff'.rocerus affromymf\ new' species 

Ft.uiale : Length 2 mm. to 2.1 mni. Head transverse, oiuiput minutely 
j*(*ticulatc; vertex closely punctate retieulati^ with two bristles anterior to each 
lateral ocellus. Interocellar space twice the oceflocular space. Face deeply exca- 
vate, aiit/cnnae inserted in the face cavity slightly above an imaginary line joining 
the lower extremities of the eyes. Dorsad and laterad, the scrobe minutely punctate 
reticulate with greenish reflections. Antenna apparently eight jointed, highly 
flattened and leaf like with short spinose bristles and sensoria all over and with 
one ring joint hidden in th(‘ cavity of the pedicel. Scape narrow at the base, broad- 
ening distally; pedicpl half as along as the scape; first three funicular segments 
more or less sub(’(j[ual in length but the third segment a little narrower than preced- 
ing: fourth segment vdry slightly shorter but distinctly narrows than the preceding; 
club unjointed, bnib-like at the base and ta{)eriiig into a long terminal style apically. 

Thorax ; - Proiioturn narrow' and closely punctato reticulate with tw'o lateral 
bristles on the pleurae. Mesonotuni broad with symmetrically arranged reticula- 
tions on the scutum and scutellum; axillae widely separatee!. Mesopleura with 
one prominent stout bristle on either side and another small bristle on each tegula. 
Metanotuni and propodeuni minutely punctate with bronze reflections in the middle; 
propodeum without a median carina. 

Abdomen : — ^Slightly longer than thorax, ovate; first tergite conspicuously longer 
than the rest. Valves of the ovipositor slightly extending beyond the tip of the 
abdomen. 

Whms : — Smoky, marginal vein of forewing more than twice longer than the 
submarginal and bearing thirteen long bristles of equal size dorsally; post marginal 
vein very short, stigmal vein thick and spatulate with a chain of four cells rising 
in the middle. Three fuscous transverse bands, one at the apex of the forewing 
border, the second just below the stigmal vein, the third almost in the middle of 
the marginal vein. The fuscous bands are intervened by hyaline space. 

Legs : — Median tibiae and tarsi light yellowish and the rest fuscous; median 
tibia with a prominent stout spine as in the case of most of the encyrtids, 

Holotype : — One female on slide, several paratypes on slides, some partly 
dissected. 
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Im^hlity . — Ik^lhi, collecUxl B. R. Subba Rao, January 1957. 

IloM : Affromyza B|>eeies. 

(%4eromnH agroiayzae., new Hi^cien (H>nie8 very near to that of ClosteroceruM 
jamni H PerkiuH l)ut dilTers from it in the size and length of the ring joint (pedicel 
in longer than the ring joint and the two following funicular jointn combined in 
cane ol (\ jamtiu,s). While (\ jamnm jmwhckh a distinct roundish smoky spot occupy- 
ing the middle of the wing from c^ostal to dorsal margin, (\ tigroviyzite possess three 
c()iicontri(‘ a species of the fuscous hands across the wing. This is the first record 
of a H[>ecios of the genus from India. 






Textfigurk 1, 

1. Foro wing of Closterocertis ctffromyzae, now species 9- 

2. Antenna of C. agromyzae^ now species 9. 

3. Pedicel , ring joint and funicle (highly magnified) 9* 

4. Foro wing of Ana^taius dentatus, new species 9- 

5. Antenna of ^4. dkntcUus^ new species 9. 

6. Middle tibial spur and tarsal segments of A, dentatus, new species 9. 
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T»teastichii>ak 


7 i*4rtkMiehuji rhipop^ioralhrip^cidM^ new ^peoioei 

Ftniali' : thorax and distal ta^o-ihird of the abdomen datk brown; 

scape of antennae and legs light yellowish, rest of antennae dark yellow% Length 
1.17 mm. 

Hex$d : Fat^e slightly longer than broad, vertex convex with tranavetse reti- 

culations; interocellar (4) one and one-third longer than CK'ollooular (3). P^ns 
latorad and dorsad of the serobe with distin<'t transverse reticulations. Antennae 
inserted above an imaginary line joining the hiwer orbits of the eyes. SoajM? 
cylindrical, a little more than two times the length of the pedicel: ring joint com- 
pound with the ramae fused; funicular joints almost equal in length except for the 
first which is slightly longer than the rest; club three jointed, distinctly wider than 
the funicular segments, slightly shorter than the scape. Club and the funicular 
segments beset with fine bristles. Mandible bidentate, margin of the ventral tcx)th 
minutely serrate, dorsal tooth with two distinct bristles. 

Thmax .* -Pronotum narrow and transverse. Kcutum broad, infuscate with 
three bristles in a row on either side laterad; scut el him with two bristles laterad 
on either side. Mesonotum with two small bristles one on each side just below 
the apical carina. Propodeum with median and paraspiraeiilar earinao absent, 
with two bristles in a row^ laterad; spiracles contiguous with anterior margin, with 
a distinct long bristle adjacent to each on the apical margin. 

Wings hyaline; submarginal vein of the forewing with two long dorsal bristles, 
slightly shorter than the marginal; marginal vein with nine distinct long bristkw, 
apex of the hind wing acute, the posterior margin with a long fringe. 

Abdomen not distinctly jietiolate, slightly longer than the thorax, anterior 
two-third of the ventre hyaline or light yellowish, proximal one-third of the dorsum 
light brown and the distal twH)-third dark brown or even black. Ovipositor sheath 
prominent and slightly projecting beyond the apex of the abdomen and bearing 
four long hairs. 

Af a/e ; Essentially similar to that of the female but for the densely hairy 
antennae. 

Tetrastich ii>t rhipophorathripscidiSy new species runs very close to Tetrastichm 
fhripoponus Waterston, but differs from it in the following : 

1 . Interocellar space only one and one-third longer than the ocellocular space. 

2. Antennae inserted above an imaginary lino joining the lower extremities of 
the eyes. 

3. Club distinctly wider than the rest of the antennal segments. 

4. Mesonotum with three lateral bristles in a row on either side. 

Holo and allotypes on a single slide. Paratypes dissected and mounted on 
slides. 

Host : — Rhipophoraikrips cruenlatus Hood. 

Collected : — Ramachandra Rao, June 1958, Delhi. 

Family Eufelmidas: 

Atui^tatiis acherontiae, new species 

Female : — Length 2 mni. to 2.1 mm. 

Head : — ^Transverse, more than twice broader than thick aiitero posteriorly* 
Vertex, face and the entire scrobe cavity rugulose with irregular and closely arrang^ 

4 
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Ktriatiom; WTobf^ not very deep and not reaching the anterior ocellus. Inter- 
ricellar space slightly more than twice the oeellociilar. Malar space less than half 
as long as the eye. Antennat? thirteen jointed, in>serted just below an imaginary 
line joining lower extremities of the compound eyes. S(^ape extetuling to the 
vertex, slightly bent in the middle. Pe<lieel more than twice longer than the first 
funiculai' segment. Second, third and fourth segments more or less equal in length; 
sixth segment slightly shorto* than the preceding segments; sixth, seventh and 
eighth joints sabequal, wider than the preceding but shorter in length. (?lub three 
jointed, as long as the last three funicular sc^gments combined. 

Thorax ; -Pronotum smooth and impunctate. Median lobe of the mesoseiitum 
with distiiu t symmetrically arranged reticulations, the lateral lobes smooth and 
strongly sinning. Scutelliim and axillae sculptured exactly like the median lobe 
oI the mesoscutum but for the more closely arranged reticulations. Meso pleura 
faintly lineolated and shining. Submargiiial vein of the furewing as long as the 
marginal. Post marginal, more than twice longer than the stigmal vein. 

Abdomen or less equal in length to the thorax," broadening gradually 

from base to apex, where it is aceuminate. First tergite with a hyaline hand. 

(Colouration : - -Head metallic bronze with greenish reflections, scape yellowish, 
pixlicel and flagellum fuscous, mesoscutum light fuscous on the lateral lobes. 
Medmn loVie, situttdlum and axillae metallic bronze With greenish iridescens. 
Propodeum infuscate with greenish reflections. Pleurae and legs light fuscous 
brown. Wings dusky with two hyaline ovate patches adjoining the apical and 
inner margins situated in the central part of the wing and another hyaline patch 
at th<‘ wing base. Abdomen mostly black with the proximal one-fourth hyaline or 
light yellowish. 



Tjsxt-figubk 2. • 

7, Fopo wing of acherontiae, now species 9. 

S. Antenna of A. acheranliae, new species 9. 

8. Middle tibial spur and tarsal segments of A, acherontiat, new species 9. 
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Male : — JTot known. 

Holotf^pe ;~One pinned specimen, described from six females. 

Host : — Acherontia siyx Westw. 

CoUected ; — M. Ramachandra Rao, Delhi, April, 1959. 

Anasfatus ach^roniiae^ new species differs from all the known oriental speeies 
in length, colouration and hyaline spots of the wing; the absence of hyaline band 
across the width of the w'ing, 

A^iastatuH d^ntatiis, new s|.)ecie8 

Female : — Length, 2 to 2.5 inin. Head transverse, more than twice w'idcr 
than thick anteroposteriorly, vertex and face rugiilose, ocelli arranged in an equila- 
teral triangle, lateral ocelli very near the eye borders but not touching. Malar 
space nearly half as long as the compound eyes, sculpturing similar to that of the 
vertex and face, malar furrow distinct. Antennae inserted level with the lower 
extremities of the eyes, bearing short hairs all over. Scape elongate and slightly 
bent in the middle, about 0.52 mm. long, longer than pedicel, annulus and first 
three funicular segments together. Pedicel longer than broad, annulus short not 
broader than pedicel. First two funicular segments subequal, third slightly longer 
than the preceding; fourth as long as the first but slightly wider; fifth a little longer 
than the sixth; sixth and seventh subequal; club three jointed broad at the base 
and narrow' at the apex, about one-third as long as funicle. Scrobes not reaching 
the anterior ocellus, deep at the base and shallow at the apex. 

Thorax : One and half times longer than broad. Prothorax viewed from 
above triangular with a longitudinal hyaline strip in the middle. Scutum closely, 
honey comb like reticulated; scutcllum and axillae with closely anunged reticula- 
tions; axillae widely separated; mesopleura finely lineolated; propoderum narrow 
in the middle, wider laterally. Wings with a hyaline band in the middle, the 
posterior margin slightly angulated near the lower end. Submarginal vein slightly 
longer than the marginal, post-marginal vein less than half as long as marginal; 
stigmal vein nearly half as long as post-marginal. 

he(js : Tibial spur of the middle leg as long as the first tarsal segment. Middle 
tibia with four sharp small teeth at the apical angle. First tarsal segment of the 
middle tibia with fourteen short spines in a row . Second segment with six spines 
in a row; third and fourth segments with two spines each. 

Abdomen : — As long as thorax, narrow at the base, broadening gradually and 
rounded at the apex. First and second segments with a transverse hyaline band 
and lateral darkish brown spots on the first tergite. Ovipositor slightly exserted. 

Colouration : — Head bluish green with purplish and aeneous reflections, scape 
of the antenna yellowish browm, rest of the antennal segments dark grey. Thorax 
darkish green with purplish reflections. Abdomen bluish green with a hyaline 
band at the base. Legs fuscous brown. Wings smoky with a transverse hyaline 
band in the middle and a hyaline patch at the base. 

Male : — Half as long as female. Head, thorax and abdomen bluish green with 
purplish reflections; legs darkish blue with the exception of tarsal segments which 
are hyaline; antenna brownish black. Head, transverse, three tiines wider than 
long antero posteriorly. Vertex finely rugulose, post ocellar space twice logger 
than the ocellocular. Face minutely punctate laterad the scronefl; scrobes deep 
and nearly reaching the anterior ocellus. Eyes grayish brown* Malar space as long 
as the compound eyes, malar furrow distinct. Scape short and thick, not reaching 
the anterior ocellus; pedicel very short and very much narrower than the 9<^pe; 
first funicular segment slightly bent Jn the middle and a little longer than the. next 
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two Hcgmcnts which are 8ubequat; fourth slightly longer than the fifth and the 
sixth which are again 8ul>equal; seventh distinctly smaller than the sixth and 
narrower. Club as long as the first funicular segment, joints indistinct, narrowed 
latcrad towards apex. 

Thorax : — Convex: prothorax narrow and transverse. Mesonotum with the 
|iarap«idal furrows distinct and complete: entire mesonotum minutely punctate 
and lineolate, as wide as the head. Propodoum narrow in the middle with a weak 
median carina. 

WinyM : — Hyaline; subrnarginal vein on<‘ and half times longer than the 
marginal vein, |X)St-marginal less than half as long as marginal, stigmal vein more 
than half of the )M>8tmargitial. 




Text-fiqure 3, 

10. Fore wing of Dasyacapus thripaivorous^ new species 9* 

11. Fore wing highly magnified showing the marginal and stigmal veins of I), thripsivorous, 

now species 9* 

12. Antenna of X>. thripsivorous, new 8pe<)ies 9* 

13. Antenna of D, thripsivorous, new species cf. 

14. Antenna of Tstrastichw rhipophorathripscidis, new species 9* 

15. Antenna of T. rhipophorathripscidis, new species, hij^y magnified to show the fused 
now ramae 9. 

16. Antenna of T. rhipophoraihripscidis, new speoies (f, 

17. Head of T, rhipopKorathripsMis, front view 9 . 
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Abdomen .—As long as the thorax, narrow at the base and broadest at the apex. 

Hole and alio type on slides, paratypes on card mounts. 

Collected : — ^M. Bamachandra Rao, Delhi, 

Host : — HeUis dentata Fb, 

Anastatus dentatus, new species differs from the nearest related spe^nes, 
talus kashmirensis Mathur in the following. Overall length of the parasite, bluish 
green colour of the abdomen, ratio of the antennal segment h . A. dmiatns also 
differs from A . colmani Crawford in the length of the antennal segments: j>osition and 
width of the hyaline band of the forewing. 


Kkv to 1ndij\n species of Afiastatus 


1. Females with a hyaline band across the fore wing 2 

Females wdth hyaline patches on the fore wing 0 

2. Hyaline band curved or angulated 

Hyaline band straight Anmtalus h(mg(U(mnsis Mani & Kurian 

Pedicel nearly equal or slightly longer than the iirst funicle joint 4 

Pedicel shorter than the first funicle joint o 

4. Hyaline band slightly curved; nearly a.s wide as the length ot the 
stigmal vein below the marginal vein; abdomen bluish green 

A nmtnlus (Ir.ntatu^s, m^w spc'icies 


Hyaline band slightly curved; nearly thn^e times broader than 

the length of the stigmal vein; abdomen brown Anastatus kashmirensis Mathur 

r>. Hyaline band of fore wing strongly angulated, abdomen black 

Anastatus blatiidanun Fernere 


H valine band of fore xs ing slightly angulated; abdomen brown 

Anasiaius colmani Oawford 


(h Fore wing with three hyaline patehes; pedicel longer than the ^ 

first funicle; abdomen dark brown Anastatus amarus (Subba Rao) 

Fore wing with three hyaline patches: pedicel shorter than the 

first funicle; abdomen mostly black Anastatus new species 

Mani (1938) has catalogued Ainastatus emmhaiorensis Oiratilt. But its des^ 
CTiption has never been published. 


ENCYflTlDAE 

Dusmeiia indica Burks, a synonym of Dmineiia san[jmm.i vSuhba Rao. 
Subba Rao (1957) described Dusmefia HUigimni. a parasite oti Antonim gramtnis 
(Mask.). Burks (1957) described Dusmefia indica. However, in his description 
Burks stated that the combination of characters (of this specie’s) strongly sugpst 
the genus Dusmefia Mercet 1921 without entirely agreeing with the description 
of it (t.c.). But he pointed out that the characters in agreement with Dusrnem 
Mercet were more than the differences, and hence there was no need to erect a 

genus of doubtful validity. , w i lv i\ 

Dr. Burks informed one of the authors that there is no doubt about his />. %mvm 

being a synonym of Z>. saii^wani according to rules of priority. 
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Aksthact 


(yr 4 i(UHi inuRcloH or tho hill-stroam C’ypriiiiti fish Chirm mullya (Sykes) are groupetl under 
the lateral, the dorHa! and the ventral cranial muscles, the masticatory muscJes and the 
l>ranohial musclos. 

Stress has b<?en laid on the muscles associated with the adhesive^ apparatus and with 
the feeding mechanism of the fish. 

The functional r61e of each muscle has boon dealt with in detail. 

The general plan of the musculature of mullya resembles that of other Cyprinids but 
the intormamlibularis and the goniohyoideus muscles, which are responsible for the functioning 
of the disc, are highly modified. The int^^rmandibularis muscle is infiltrated partly by fatty 
and tomlinous tissues and is not fully developed. 


INTIIODIUTION 

Kcoh.^ical eonclit ion.s in I ho hill-.strcams have brought about various interest- 
ing modificHtions in th<' morphology of torrential fishes. The chief mfxlificationH 
are those a.ssooiate(l with tlie teeding nieohanism of the fish. With a view to 
unclersfanding thosi* modifications, th(‘ study on the eranial muscles of a hill-.stream 
Oyprinul fish (hirm mulh/a (Sykes) was undertaken. 

V^arious aspects of the (Tanial museles of fishes liavi* been studied by several 
workers. Among tlu' earlier investigators, mention may be made of Vetter (1874, 
IS7H); Allis (1897, 1999) on m/m and Scomber: Hacmpel (1908) on Cyprinoids. 

Takahasi (1925) gave a (‘omparative aecount of the phylogenetic significance of 
each cranial muscle in Cypriniform fishes; Edwards (1920) and Eaton (1941]) on 
the muscles n^sponsihle for the protraction of jaws in Cataslomid and Cichlid fishes 
respeetividy. Recent papers on the cranial muscles associated only with the 
fetiding mechanism are by Al-Hussaini (1949) on ('yprinas carpio, Gobio gohio and 
Rntilm rutilus, and (tirgis (1952) on Ijibeo horie. More recently Nawar (1955) 
publislied a jmper on the cranial muscles of a Siluroid fish (Marias lazera. From 
tlio above revii^w it is s(‘en that little attention has been paid to any of the Indian 
liill-stream tishes. 

The material for investigation was collected in 1948 from the shallow^ rivulets 
of the Aravalli Range of Rajstiian, India. Fishes used for dissections, varying 
from 80 mm. to 00 mm. in standard length, were preserved in 70 per cent alcohol, 
'fhe dissections were done under a binocular dissection microscope. Nomenclature 
of the museles adopted, is that followed by previous workers, but certain new' names 
assigned on the basis of function of the muscles, have been introduced. The names 
of the masticatory muscles and some of the lateral raiisoles of the head, are after 
(iirgis (1952). 


Lateral Cranial Muscles (Figs. 1, 2, 8) 

The lateral cranial muscles are divided into superficial and deep lateral muscles. 
The superficial muscles lie immediately underneath the skin and consist of protractor 
hyomandibularis, dilator operculi, levator operculi and depressor labii superioris. 

VOL. 20. B. No. 4. 
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The deep lateral muscles lie Inflow the siiperhcial muscles aud consist of adductor 
operculi, retractor maxillaris and adductor hyomandibularis. 

Protractor hyomandibutnris (p. fty,). The muscle lies l>ehind the <irbit. Its 
origin on the sphenotic is l>elow the dilator operculi. Just bcJow the insertion of 
these muscle fibres, another set of muscle fibres of the same uiuscle originates and 
is attached on the hyornandibula alK)ve the origin of adductor mandibularis. The 
function of the protractor hyomandibularis is to elevate the hyomaiidibiila forward 
and thus to enlarge the buc<‘al (avity. 

Dilator operculi (d. op). The muscle lies dorsal to the protrat^tor hyomandibularis. 
It has a narrow origin from the ventral surface of the frontal and is attachtni to 
the opercular process of the operc ular bone. The contraction of this muscle dilates 
the opercular aperture and thus helps the water current to pass out. 

Levator operculi {1. op.), ft is a flat thin muscle that lies behind the dilator 
operculi. The muscle originates from the pterotic and is inserted on the inner 
side of the dorsal edge of operculum. The contraction ot tins muscle elevates the 
()j)erc ulum and brings its marginal flap neanT to tlu^ cleithrum to close the opercular 
Hp(nture. 





Tkxt-fto. I. 

Fia 1 Oarra iwuUya (Sykes). Lateral cranial muscles (suporfl(5iaJ). dentary; 

dad ml dorsal fibres of adductor mandibulris i; d.Ls. depressor labii supenoHs; d.m, 
delator oiWculi; cop., ectopterygoid; enp., ondopterygoid; hop., levator operculi; m., maxifla; 
wp.,metapterygoid; op.pr., opercular process; p., palatine; p./fy., protael or byrmandibularis; 
pm*, prenaaxilla; r.m»f retractor maxillaris. 

Adductor operculi. The muscle lies below the levator operculi and internal 
to the dorsal edge of operculum. The deeper part of the muscle originate from 
the pterotic and the prootic bones, while the superficial part takes its origm fr^m 
the inner side of pterotic articular facet of hyomandibula. The m«$cle runs 
ventrally backwards and is attached on the inner side of the dorsal e^ge of opOT- 
culum. This muscle adducts the operculum. 

Depressor labii superioris (d.1.8). It is the largest and most supeijcial mudcle 
of the head, lying immediately under the skin on the lateral sidw. It ongi^tes 
on the posterior lateral marginal surface of the hyom^dibula “ff 
of pret^ercnlum, reaching upto its ventral edge. A few 

also on^mte only from the hyomandibula. All the muscle fibres converge mto 
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a strong tendon which attaches on the lower edge of the maxilla in close contact 
with the anterior lip. Contraction of this muscle on both the sides depresses the 
anterior lip and thus it is partly responsible for the closing of the mouth. The 
posterior lip is non- protractile and takes no active part in its closure. 

Rf trarior maxUbrnn (r, ?n.). Major part of the muscle lies under the depressor 
labii HU{K^riori« except its anterior part, adhering to the maxilla which remains 
exposeti. It takes origin by two heads — the retarctor maxillaris 1 and refractor 
maxillarirt 2, which originate from the different bones. Both the parts run together 
anteriorly hut remain separate up to a considerable distance and then blend together 
into a common tendon to get attached on the lateral surface of the posterior part 
of maxilla, <lurHi^l to the d(‘pre'SHor lahii superioris. The retarctor maxillaris I and 2 
originate from the (jua<lrate and tlu^ ventral margin of the preoperculum respec- 
tively. tl)C origiti, the dorsal fibres of retractor maxillaris 2 run over the ventral 
fibres of the retractor maxillaris 1, hut become internal to it anteriorly, where 
they blend with each other. Tlie rontra<dion of this muscle on hotli the sides 
retra(;ts the maxilla along with the [weniaxilla and s(»rves in closing the mouth. 



sym 


TKxr Fin. 2. 

2. (hirnt tnnllyn (Sykort). Lateral eraiiial inusoleH (deej)). od.m.hj adductor 
maudibularis /; d.nd.rn.L, dorsmi fibres of adductor mandibularis 1; d., dentary; ecj).^ octoptery- 
KOid; rnp., oudoptoi-ygoid; fcv. liyomarwlibula; l.l., lateral limb of premaxilla; n?., maxilla; 
wp., inctaptcrygoid; op.pr., ojwrcular process; p. , palatine; protractor hyomandibularis 

/wi., premaxilla; p.op., proopcrouluni; r.m./., retractor maxillaris 1; r.m.2., retractor maxillaris 2; 
symploctic. 


AMuctor mandibularis. The muscle lies immediately below the depressor 
labii sujM'rioris and consists of two parts, the adductor mandibularis 1 and 2 
(d.ad.m.l., ad.m.l., ad.vi.2). The adductor mandibularis 1 is a broad fiat muscle. 
A mark of bisection separates the dorsal fibres of the muscle for a short distance 
jHjsteriorly. The muscle as a w'holo has a broad origin on the medial surface of 
A ^ ventral fibres have their origin on the symplectic. 

Adductor mandibularis 2 originates from the lateral surface of the metapterygoid 
and fuses with the inner fibres of the adductor mandibularis 1. The muscle fibres 
originating from the hyomandibula run forward, obliquely and ventrally, while 
^ose troin the symplectic run dorsally forward. The broad insertion of the muscle 
IS on the deiitary and angular. The simultaneous contraction of both the side 
mandible in exactly the same way as stated by Girgis (1952) 



<nrc«nxB turn aaim mvufs (mnaia) ' IH' 

Dobsai. Ceahiai. Muscucs (Fig. 3,) 

The dorsal museles of the bead oomprisr of the adduetor hyc^paodibitlttfii 
and tihe adductor arcus palatinus. 

Adductor hjfomandtbuiarig {ad. hy.). The nusole originates from the prootio 
and the parasphenoid bones, runs laterally outward and gets attached to tiie 
surface of cranial part of hyomandibula. The muscle is continuous at origin and 
insertion but the muscle fibres which originate from the prootic are short and are 
attached to the proximal cranial end of hyomandibula. The rest of the muscle 
fibres originate from the parasphenoid and are longer. Contraction of this mosole 
adducts the hyomandibula with its associated iKines resulting in the contraction 
of the pharyngeal cavity. 



Text no 3 

Fio 3 Oarra muUy<t (Sykes) Deep lateral and dorsal cranial muaeles. ad.a.p.r 
adductor arcus palatinus, fid ky., adductor hyomandibularis; od m.J., adductor mandibolaris V, 
ad.tn,2 , adductor mandibularis 2; d,, dentary; d.ad.m.l., dorsal fibres of adductor mandibularis 1, 
removed; ecp , eotopterygoid; enp., endopterygoid; ky., hyomandibula; l.l., lateral limb of pre- 
maxilla, m , maxilla, mp , metapterygoid; op.pr. , opercular process; p , palatine; pm , premaxilla; 
p op , preoperculum; q , quadrate; aym., aympleotic. 


Adductor arcus palatinus [ad.a.p.). It is a large uniformly flat muscle with 
a broad base that arises from the parasphenoid. The muscle fibres run forward, 
laterally outwards and slightly backwards. The fibres directed forward and laterally 
outward, adhere over the dorsal surface of the endopterygoid and nearly cover it 
underneath. The posteriormost fibres are attached to the dorsal edge of the meta< 
pterygoid. The principal action of the muscle is to narrow the buccal cavity, althpngh 
the muscle fibres attached on the metapterygoid also depress the roof of pharynx. 

Vbntbal Cranial Mpsclbs (Figs. 4, 5.) 

The ventral muscles of the head consist of intermandibularis, geniohycfideus, 
Miterior and posterior hyol^oideus and steraohyoideus muscles. The jprefleaoe 
of the disc on the ventral side of the mentum and the functional assoomtion of 
the geniohyoideus muscle with the disc have caused a modification in thrmnsoles 
which is described later. • 

InUrmandUnUoris {i.mn.). When the callous portion of the difa is peeled 
off snper&shdly, both the intermandibularis and the geniohytddeoa numdieii get 
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IntorntAndibulariH lies transVerne to the median axis of the bixly, below 
the anterif>r margin of the eallous portion, in In^tween the mandibular arches. The 
muscle is pattly mixed wdth the fatty and Umdinous tissues and therefore presents 
an emaciates! condition, ft is ventral to the geniohyoideus a muscle and contract 
ti<jri of tliis musc le is j)artly rc^sponsible for creating vacuum inside the adhesive 
discr. 

(hninhijftiihuH {tjhji.: tjhJj.: Lfjh.), The muscle originates from the outer 
surface ot the c(‘ratohyal and fh<‘ lK*ad of fh<‘ secoofl branch iostegal ray. A few 
muscle fibers run forward drirsally to the intermandihularis. and are attached 
to the IciWcr edge ol the oral heiul of dentarv. It is the geniohyoideus a muscle. 
Hut most of th(^ muscle fibres diverge laterally to unite with those of the opposite? 
side on the nn^diart axis of the body. !'<» ihest* late ral fibres is attae-hed the posterior 
margin of the* e-allous portion ot the elisc (whe'n* the calle)us part me*rges into the 
t ulM*rcula((*d border). .\ fe*u poste‘riormost lateral fibres adhe‘re on the anterior 
proectss of the ufohvab The* latt‘nil fihrevs from whe‘re ihe^y eliverage. form a thiek 
muscular he*lly. From the* inne*r side* of the* muscular belly another muscle, genie)- 
hvoide‘us h originatf‘H on cacli sieh* anel is atfaclie‘el to the* [»osterior surface* of intei- 
mandihulari.s. 

(^)nt rae t ion ot t lie gcniohyoieie'iis a de‘pn*sHe\s the* u.aneliblc. resulting in the* 
eijH'uing ot the* moulli, while* the simuitan(*ous c(»ntraction f>f the* late*ral fibres of 
ge*nioh voieh'UH, g<‘mohyoiel<*us h and the irite‘rmandil>iilaris retracts the callous 
portion (»t (he disc. 



..kh ^2"' muscles. abdominal muscles; 

a.hh., anterior hyohyoideus; bM., bnmchiostegnl rays; cth., ceratohyal; d., dentarv ah a ffcnic- 

“■ •’ gill opening; »>»«., intermandibulnris; /.!;/i.!’la®te'roV muscle 
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HyohyoideAvt, The muscle lies l)ehiud the geniohyoidous and some part under 
cover of the branchiostogal rays. Due to a transverse stria tion the muscle can 
l>e divided into anterior and posterior parts (nM.. pM.). 

A7U4'rior hyohpoideiui muscle originates from the inner side of the oeratohyal 
and from tlie first and second branchiostegal rays. The muscle fibres run forward 
and obliquely inward to fuse with thoswi of the opposite side over the urohyal on 
the median axis of the body. The anteriormost fibi‘<\s of this muscle rim below 
the posteriormost lateral fibres of the geniohyoid(‘us muscle and arc attached on 
the most anterior ventral surface of urohyal. 

Posterior hyohyoukus muscle originates from th(' inner siirfai e ot the suboperclc 
much more posteriorly than the anterior hyohyoidcus. The muscle fibres run 
obliquely forward on the median axis in contact with the first and second bran* 
chiostegal rays. 

The contraction of the anterior hyohyoidcus narrows the buccal cavity. The 
action of the posterior hyohyoideus pulls the opercular hones and also partly 
eonstriets the pharynx. 



Text-fig. r>. 

Fig. 5, Garra muUya (Sykes). Maaticatory and branchial muHclcH. r.ep,d.^ conHiricU'f’ 
cpibranehiabs dorsalis; cl., oleithrum; d.ph., cloithropharyngens; f/. , dnelary; d.ph.i., deprcFSCj' 
pharyngous interioris; i.'ph.b,, inferior pharyngeal bones; l.n.br.e.J,2,3,'i., levator arcus branchialin 
extormis; l.a.br.i., levator arcus branchialis intornus; laU'ral limb of premaxilla; l.ph.i.c., 
levator pharyngeus iiiforioris caudalis; m., maxilla; p., palatine; ph.r., pharyngeal roof;ptyi., pir?- 
maxilla; p.op., preoperculum; q., quadrate; r.ph.i., retractor pharyngeus inferioris; nt.h., sterno- 
hyoideue; tr., trapezius; uh.. Urohyal. 


Stemohyoideus (st. h.). The muscle has a broad origin irom thci cranial surface 
of the cleithrum anterior to the cleithropharyngeus, and internal to the depressor 
pharyngeus inferioris muscles. The muscle runs forward and is attached to the 
dorsal surface of the urohyal, slightly fusing with the muscle of the opposite side. 
Insertion and action of this muscle seem to be identical in all the teleosts. The 
contraction of this muscle pulls the urohyal behind, thereby depressing the basb 
branchials and the basihyal. Its contraction tlirough geniohyoideus muscle 
also causes slight protrusion of the upper jaw. 

MASTiCi\TORY Muscles (Figs 5, fi.) 

This group of muscles is associated with the inferior pharyngeal bones which 
bear teeth for mastication. These masticatory muscles are trapezius, levator 
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pharyngtJiiH inferiori« eaurlaliH, retra(>tor pharyiigeuB inferioris, dcprc‘88or pharyngeus 
mfcrioris ami tranHverse pharyngtMm inferiors. 

TmpeziuA (tr,). It is a thick rini.sclc having a broad origin on pUnotic and 
cxoc(’ipital bora's. The on each Hide gradually tajwrs down an<l gets attached 

on the post(‘rior surface of the dorsal process of the respective inferior pharyngeal 
bones HO as to l>ring crowns of the pharyngeal teeth in contact with the ventral 
surfae(‘ of the pharyngeal pml. 

/v^ovi/or* pharynfp'U^ inp rioris ruadalis (l.ph.ix.). It is a pair of circular bundle 
iniiHcle fibres wliicb arises from the posterior proje‘ction of the basioccipital 
(Pharyngeal process, Itarnaswarni. 1952). The* niuscl(‘s run v'cntrally forward and 
slightly lateral and an* inscMted on the lower parts of thi^ posterior surface of the 
inferior pharyngc^al bonc‘s. t'ontrartion of this jwiir of muscle adducts and retracts 
the inferior pfiaiyngc'al hones in such a way that tin* crowns of the (rharyngeal 
f<v‘(h rub agrdiist the smfac(‘ of tfic fiharyngeal pad. 



Flo. 0. Ofttrn tnullya (Sykes). PraiK'liial arnl ma'^ticatory musfles (V^ontral view). 
r6r., ceratohmnchiAl; c.W>r.r., constrictor i oratoUranehialis \ entrails; cl.ph.. cloithropharyngeus; 

depressor pharyngouH inferior! rs; i,ph.h., inferirr pluoynpral hcius; levator 

pharyugeua inforioris caudalis; o.ci., obliquus ventralis inforioris; pJt,a.hy., pharyrgo-arcualis* 
hyoidous; r,ph.i.^ retractor pharyngeus inforioris; fit., stomach; tr.. trapezius; tr.ph.i., transverse 
pharyngeus inforioris; tr.v., transverse vontralis. 

Reirador pharfjiigeus inferioris (r.pk.i.). The muscle lies below the ventral 
surface of each inferior pharyngeal bone. On each side the muscle originates from 
the inner cranial surface of cleithrum slightly above its median angle, runs forward 
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interna] to the depreB8or pharyngcus inferiorie nnwole, along the ventral «urf'aco 
of the inferior Injne and is attacheil on itn anterior ventral surface, ('ontraetion of 
the muscles pulls the inferior pharyngeal lK>neH back and slightly upward thereby 
rubbing the cnnvns of (he pharyngeal tet^th against the pharyngeal jiad. 

Depressor jyharpn^eu^i inferioris (d.phJ,). It is a Hat muscle which (Originates 
from the cleithrum externally to the (origin of cleithropharyngeus and sternohyoideus. 
The inner fibres of the depressor pharyngeiis irderioris an* in ( lose contact at origin 
with these muscles, ’fhis pair of muscles runs dors;illy and ohli(|uely backwards 
and is inserted on the ventro lateral margin of tlu* iidcrior pharyngeal bones exter- 
nally to the retractor pharyng(*us inferioris mus(‘les. With th(‘ contra(‘tion ot 
this pair of muscles, the inferior joharyngeal bones arc pulled downwards thereby 
withiJraw’ing the inferior pharyngeal bont^s from tlu^ surface of the |>ad. 

Transverse pharyngeuj< inferioris (tr.plt.i.). This thiti flat muscle stretclu's 
transversely on the ventral surfact* (»f the inferior pharyngial botu's. 'fhe nniscle 
originates from the side edge <d each bone, runs transv(MS(‘ly. to blend with the 
muscle of the o])posite sid(* on the median siitun' of t lit* two hoiu*s. The inl(U‘ior 
[Hiaryngeal bones ar(‘ held together by this transvcusc band ol musel(‘s. When 
the musf'Ies are lifted away, the l)on(\s are observed to .s(‘paralc out trom (*a(‘h otlic.r. 


Bkancuial Mrs(’i.Ks (Figs, b. fi) 


The muscles as8ociat(‘d with tlie brancliial system ol tlu* fish arc the cleithiO' 
pharvngeus, (‘onstrictor (?eraf obranchiaJis vcuitralis, transv(*rse vcntralis, oblicpius 
vcntralis inferioris, pharyngo-arcualis-hyoidcuis, constrictor epibranchialis dorwihs, 
levator arcus branchialis (‘xtt*rn\is and levator arcus f)raMchialis intc^rnus. 

('ItithropharyrKjens (cl.ph,), 1'b<‘ muscle originates from the cranial surface 

of the cleithrum, internal and slight ly anterior to tlu‘ depressor pharyngeus inliTunis. 
A few' anterior fibres of the muscle* havt* their origi?) IVorn the p()st(‘rior part of the 
sternohyoideus muscle. The musch^ runs dorsally forwards, fuses with the same 
muscle of the opposite side on the nnsiian axis and then is atlaclusl by a comnuu) 
tendon on the Hoor of the pharynx and partly also on th(* fourth (‘(*ratobranchial. 
The contraction of this noiscic dilates the pi)aryng(*al cavity. 

Constrictor ceratohranchialis renfralis {r.chr.r.). 1 h(‘r(^ arc live* (.'onstiictejr 

ceratobranchialis vcntralis rnusek^.s of wliich the first and tic* fifth sre most pro- 
minent. The first muscle arises from the ant(*rior end of tlie first ceratobranehial 
arch in contact with the oblicjuus vcntralis infV rioris muscle. The museJe riins 
forw^ard obliquely and is attaehc(J on the »nn(*r surlact* of c(*iafohyal and hyponyal. 
d^he successive second, third and fourth muscles l)ridge between the first, second, 
third and fourth ceratobranchials respectively. The muscU^s l)t‘eom(*. smaller m 
size posteriorly, the fourth being tlie smallest. Idle fifth mu>s(‘le origmaWH from 
the ventral process of the inferior pharyngeal bone and i*u ns forward, dorsal to 
the cleithropharyngeus and gets attached on the ventral surface, ot the lourtn cerat(>- 
branchial. Contraction of these muscles brings the i eratoliyals, (uiratobranehials 
and the inferior pharyngeal liones nearer to each oth(*r, narrowing the slits ictween 


them. 

rramverse ventrali-H (Ir.v.). It is a set of three of miist.les which originate 
ventral to the obliquus inferioris from the ventral suriaees ol the anterior parte 
of the first three ceratobranchials. The musisles riin transversely and get attached 
on the respective hypobranchials but do not meet the musi^les of the 
Contraction of these muscles brings the ceratobranchials nearer together to e 


median axis of the fish body. 

Obliquus ventralis inferioris (o.v.i.). The three obliquus ventralis inferioris 
muscles originate from the ventral surface of the anterior parte of the first there 
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ceratobrauchiaiH and in contact with the respective transverse ventralis muscles. 
The muscles run obliquely inward and get attachwi on the hypobranchials. The 
first muscle is the longest but the second and third are very small. Contraction of 
th<‘S(* mumdes stq)arat(jH the ceratohranchials from ea<di other. 

Pharynffo arrualiH hyoidinL'i (ph.n.hy.), A |>air of very thin muscle fibres origi- 
nates from the antero- ventral prf)ceH8 of the inferior pharyngeal bone^. The muscles 
run forward parallel to each other. Tl»ev are attached on the third hypohraneh 
of each side, (’ontrai^tion of the muscles raises the floor of the pharynx Iving 
b(*twccn the fourth (^ratoliranchial and the inferior pharyngeal bones. 

('(niHirieior f inhranrJual is dorMaliM (rjp.d.). IMie muscle is represented bv 
three parts which bridge oV(‘r het vvc<*n th(‘ aiiteri(»r pr)rtions of four ej)ibranchial.>. 
Th(‘ first two muscles originate frrmi tin* prootic and tlie third and fourth muscles 
from th(i (^xoccipitals. Tlie muscles bring tiu* cpihranchials closer to each other. 

Levator arru.s hraiirhialis fwinnits {I .a.hr.r .). d’h<‘S(‘ are four serially arranged 

muscles attach(‘d on thea nt(‘ri()r [»art of the dorsal .surface ol tlie epihranchials. The 
first two rnus<des original from prootir whil(‘ the third and fourth arise from 
the exoccipitals. Tlu'sc rniisch's fdevatc the (‘pibrainddals. 

Levator arcus hranrh laLs in-tfruus {I .a .hr.f .). 'Pin* two levator ar<*us hranchialis 
int<rrnus muscles originate* from the prooti«* and arc attached on the dorsal surfac<' 
of the two pharvngobranchs. 


Ft NcrjoNVL lv‘>LK OK Til K MlSCLKS 

'Phe Vf'Mtral position oj the mouth oi (larra atu/lya having a protractile anterior 
and nonquot tactile p()stenor lips, and jaws with horny (‘ov(‘ring and sharp cutting 
edges, is well adapt(‘(l for scraping th(' alga*' from stoiuvs, rocks, etc. to which it 
remains atraclusl. 'Pfie jaws are prot ra(‘t(‘(l out of tlu' mouth for this pur[>()se by 
the eontraction of rnusch's, giuiioh yoid^uis u. and st(»rnoh yoideus. (^)nf raction (if 
these muscles depress(*s and slightly n*trac*ts tlu‘ [)r>sterior jaw. 'Phis results in 
th(' protraction of the premaxillac, as tlnur latiual limbs are attached with the 
tlcntary by ligaments. 'Phe pnum\\illa(‘ pivoting over their lateral limbs are 
obtruded Ix'vond the oral head of the d‘*nt irv, since it is attached dorsallv to the 
rostrum by a considerably long inverted l'-s}iap<Mi rostral ligament. Idle anterior 
and the jmsterior jaws while they retract, scraps' off tlu‘ algae. 'Phe retraction of 
jaw's is etfectiMl fiy the retractor m.ixillari*^, which retract the premaxillae through 
the ligamentous attachment oi maxillae with them and th(‘ adductor mandibiilaris 
by adducting th(» maiidihic. Phils the edges of the jaws come in contact with 
ea(‘h other and fiuxl is drawn irisich' the huceal cavity. 'Phe contraction of the 
dcfiressor lahii sii])erioris deprc'sstvs the anterior lip, bringing it in contract with the 
posterior li[), and causing the closure of the mouth. In lAiheo horie the food is 
procured by the highly fU’otrusihle lips which po.ssess sharp horny cutting edges 
((tirgis. It)52). No smdi liornv cutting edges arc found on the lips of (L mullya, 
though the stratum eorueuin extends over the luhercles of the lips to form spines, 
and are similar to the horny protiiherances described in L. horie. The lips of 
to //nd/ya perform an adhesive function, which has been dealt with in detail in a 
previous pafier (Saxena, 1959). 

As i’ood aud water enter the mouth, the luicial cavity dilates by the contraction 
ot protraidor hyomandihularis. But sooner it narrows as the contraction of anterior 
muscle fibres of adductor arcus palatinus depresses the roof and anterior hyohyoideus 
muscle elevates the flour of the buccal cavity. Thus the food is pushed back into 
pharynx. Now the levator arcus hranchialis and the* eleithropharyngeus contract 
thereby dilating the anterior pharyngeal cavity. Simultaneously, constrictor 
ceratohranchialis ventralis, transverse ventralis. and constrictor epi hranchialis 
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dorsalis contract to brino: the branchial arciies c lose tojzether ami form a sieve for 
the filtration of water. The contraction of single cleilhropharyn^eus on each side 
can depress the et-ratobranchials as they are held to^^nher by the ventral branchial 
muscles. With the opening ot the mouth, water again gushes inside ami the frK)d 
is pushed still backwanls as the pharyngeal iloor is raiscNl by the contraction c»f 
{K)sterior hyohyoideus and pharyngo-arcualisdiyoideus. TUv cont ractiefn of the 
muscle fibres of the adductor arc*us palatinus attac hed on the* metapterygoid, .and 
the adductor hyomandibularis depress thc^ roof, which c^xcrls pressures on the surfac^e 
of the water contaiiieil iii tlu' pharyngeal eavity, to pass out (he wat<T tlirough 
the gill-arehes. The slits in l>e(ween the gill-arches get widcuicHi by tlu‘ ccuitraction 
of the obliquus ventralis inferioris. As food is pushed to the back portion of pharynx, 
(he dej)ressor pharyngcus inferioris muscles ckquess <lu‘ interior pharyngeal bones 
and give access to foc^d to entc‘r the postc^rior part of tin* pharynx for mastication. 
Tlie inferior pharyngeal boiu^s now begin mast ic'at ion. Trapcvaiis musc‘le contracts 
t o bring the crowns oftlic tc(‘th in contact with tlK‘ pharyngeal pad wliile tlie 
grinding is done l\v the contraction of levator f)harvngc^us inicrioris c'audalis and 
the retractor pharyngcus inferioris. The inferior pharvngt*al l)onc‘s act tog(‘ther as 
they are held by transverse pliarvngcns inferioris innsc h'. W1icn mastication is 
completed, the food passes inside the stomach by dilating 1lu‘ oc'sophagc'al opening. 

'Phe genioli yoideus muscle [Hrforrns two-fold functions. 'Phc' contraction c)r 
geniohyoideus a dc'prc'sscs the* mandible thcrc'by n‘sulling in th(‘ protrusion of the 
uppcT jaw\ Another important fuiu^tion is pcTfornurl by tlu^ lateral muscles of 
geniohyoideus and the geniohyoideus h musc Ic^s in the* adhc'sive ineehanisn) of the 
disc. When the fish adheres to thc^ substratum, thc^ lateral fibres of the geniohyo- 
ideus and the geniohyoidens h along with the interniandibularis contract and cn*ate 
a vacuum inside the callous portion of tin* disc, therc^by enabling fish to aclben* 
t hrougb the disc suctorially. 


Dtscr’ssioN 

The genera] plati of musculature* of (Uirra itiuUya is similar to t liat c»f (^yprinids. 
described hy 'PcAabasi (1925). But tin* pnssence* of a suctorial disc on the ventral 
side of the* rm*nturn and shifting of llu* inonlh to a more V(*ntral position have 
resulted in the modification of the muscles associated with them. 

The protractor hyomandibularis muscle of (t. nudlya is synonymous with 
levator arcus palatinus of other lishcNs studied by pr(*vions workers. The name 
attributed by (kegory (1955), justifies its fmiction ancl has therefore* lH‘(‘n adopted. 

Tlie depressor la})ii superioris and retractor maxillaris eorrcspoml to Ttikahasi’s 
(1925) Ala and Al/? maxillaris parts of adductor inandibulae^ in iUfpnnuH mrpio 
and Fsejidogobio esocinu.s. The^se muscles have been d(*s(*ril)ed as united at origin 
in Cyprinus and totally separate in Fh-eudogobio. The retractor maxillaris or 
Ala muscle is not described in /j(d}eo horie by (krgis (1952). 

All the Cyprinid fishes studied by Takahasi show t he fusion of maxillaris muscle 
with mandibularis muscle either internally or at their origin. 'Phe depressor labii 
superioris and retractor maxillaris in (i. mullya do not fuse w ith the adductor mandi- 
bularis or with each other. A comparative study by the author on the cranial myo- 
logy of Crossocheilufi, an allied genus of (Jarra, has revealed that the retractor maxi- 
llaris, though originating from the same bones as in (Uirra, is fusexl internally at the 
insertion with the overlying depressor labii superioris. Thus, it can be inferred that 
the depressor labii superioris and the retractor maxillaris also correspond to the single 
maxillaris muscle of Opsariickihys, 

The muscle, levator labii inferioris, described by (lirgis in Ijofjeo horie is not 
present in Garra. However, due to the presence of a non-protractile posterior lip, 
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it can be prenumcd that the dorsal fibres of the adductor mandibularis /, probably 
reprcHcmt the atrophied condition of the levator labii inferioris. 

The dorsal cranial mu8oU?« have Ix^en grou|>ed under a single maine “Adductor 
arcuH }jalatinuH/’ by many previous authors and under “Adductor hyoinandibularis” 
by (ffegorv (193)1). But in darni. the muscle has bei?n divided into two separate 
parts. Thf^ muscle attaehe<l to the hyomandibula is named as adductor hyomandi- 
btilaris, while the n*st of the anterior part of the muscle as adductor arcus palatinus. 
The same names hav(' been us<id here owing to the separation of the hyomandi- 
bfilar f>art from the rest of the mtiscle atul partly due to the difference in their func- 
tions« 

fntermandibularis mus< U' Inks been re|H)rted poorly develojKHi in Cyprinids 
(Takahasi, I9ir>) and totally al).s(‘n( in hhheo hori^^ (Ciigis, 1952). This muscle 
though in a (Jeg<‘neraled condition, in dnrni is fairly conspicuous du<‘ to its s[)ecial 
mode of fiiiKJtiori in association with the geniohyoidetis muscle. 

I'he mod<‘ of operation of ttu‘ muscles, geniohyoidcuis and the interrnandihu- 
laris shows that the lower jaw is indcpenfltuit of the rlisc in fn(»vernent, while the 
fisli is attached. (Jeniohyoi<icus a rnnsch‘ is only responsible for ofHming the mouth 
b\ (lepreHsing th<* mandibh*, wliilc the simultaneous action of gtuiiohyoideiis h. the 
lat(Tal fibres of tlu‘ geniobyoideus and tbc intermandil>iilaris creates vacuum in the 
disc and is thus independent <»[ geniobyoidtuis a muselt*. Thus it is evident that 
the adhesivi' apparatus of the fish docs not affect tbc moveunents of the lower jaw. 
The Cv|>rinid8 which do not hear any adluvsivi* apparatus on the ventral side of the 
menturn. usually lack tfjc ini('nnan<lihularis and also flo not show any modification 
of tile g(»nio|)yoidcus muscle 

The present study of these muschvs associated with the disc confirms the previ- 
ous assumptions hey<'nd doubt that t lu* disc of t, 'arm funetions most effieiently as 
a vacuutnatie sn< kcr. When (he fish adli<*r(^s, it applies the callous portion of the 
disc to the suhslrat urn and eontrac ts tin* in(<Tmaudihiilaris, geuiohyoideus h and the 
lati'ral fibres of the geniobyoideus. The ('ontrac't ion of these muscles retracts the 
callous portion of the* disc from the substratum, therliy creating a vai'iium. As 
stati'd in the prvious pap(*r (Saxena. 1959). the vacuum in the disc is maintained by 
the callous portion and not h\ tiu' tnher(‘nl.it<*d border, as was thought by the fire- 
vious workers. 

po.sition, origin and insertion of hyolivoideiis muscle in Oarra rnullya is 
similar to (he liyohyoideus of ('uprinn-'^ mrpitt and .Iwra rnlm, studied by Takahasi 
(1 925) and Allis (I<S97), re.sfieetively . The .same muscle in Ijiheo horiPr has been des- 
cril>ed by (}ir*gis (I952) as eonstriidor pharyngeus. 

Takahasi (1925) described the presence of two trapezius muscles, (trapezius 
suj>e! licialis ivinl trapezius profundus), in the <\vprinids he studied. But in Garra 
there is only one inuscde corr*es ponding to trapezius profundus. Taking into 
<‘onsi(|<M'ation the fact that the inferior pharyngeal hones of Cyprinids are the 
modified fifth branchial arch of other fishes (Goodrich, 1930, p. i41), it becomes 
evident that the various muscles a.ssoeiated with the inferior pharyngeal bones 
corres|>orul to the muscles associated with the fifth branchial arches of those fishes. 
Therefore. Takaliasi's statement in regarding the Vetter’s fifth levator arcus bran- 
ehialis externua becomes self-explanatory. 

Tlie h'vator pharyngeus inferioris caudalis muscle of Garra corresponds to 
TakahavMi’s .superior and inferior j>arts of the retractor arcus branchialis dorsalis 
in ( 'ypri nus carpio. The single piir of levator pharyngeus inferioris caudalis probably 
represents the fused state of the suj^erior and inferior parts of retractor arcus bran- 
ehialis which is concludcxl by his following st>atement : — 

“It arises from the lateral surface of the cranium (masticating process of the 
basioccipital), runs forward, ventrad and outward, and is inserted on the dorsal 
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part of the fifth ceratobranchial ventral to tlu‘ iriiWTtion (»f tra{>ezius profundus." 
Further, regardin^^ the inferior part of the inusile lu' states. **It is a ratlier stout 
muscle placed just ventral to the trapezius profundus and dortuil to the fifth trans 
verse ventralis in its insertion, and external to the su}K»rior in its caput. Arising 
trom the cranium (external surta(‘e of the mas( legating process of the basiiH^cipital) 
the rninscle runs forward, outward, and ventrad. and is iitscrttnl on the hind surface 
of the dorsal or ]>osterior portion of the fifth eeratobram'hial, ’ 

Takahasi groups a tew other nniseles associated with tlu‘ tiftii braueiiial arc^h. 
He identifies this set of nHis(‘les as pharvngo elavicularis inlernus and pharyngti 
clavicularis externus. Further. h(‘ descTihes the pharvngo elavicularis internus 
as anterior and posterior. From his deseription of tin* origin and insertion of these 
muscles in () pmriichihys nneiroMris, it becomes evid(‘nt that the post(*rior pharvngo 
elavicularis internus e()rres[H)nds to the retractor pharvngeus inferioris of (i. wnlfyn 
and L. horU while the ant(Tior pharvngo elavie\ilaris (orres ponds to the oleithro 
pharyngeiis of these fishes. The })harvngo <‘lavicularis externus of ()}>mriichthy'i 
is t he depressor fiharvngcus inferioris of (iarra and l/iUva, 

Keeping in mind that the inferior pharyngeal bones (>1’ (‘arp.s are homologous 
to the fiftli branchial arch of other lisln^s, tlu‘ homology between the transvest* 
pharyngeiis inferioris of (iarra and Laheo with the fifth transv(MS(‘ ventralis muscle 
of the Cyprinoids dealt by Takahasi n(‘eds no ex[)lanation. 

The first four (*erat<)hranchialis ventralis muscles of (iarra corresf)ond to tiu' 
four obliquiis ventralis superioris muscles of the (Vprinids studied by Takahasi, 
while tlie fifth constrictor eeratohranehialis ventralis is the fourth transverse ventralis 
of Opmriichthys imrlroAiris\ as is evident hv the following desiription: 

“The fourth ventralis originates from the v^udral sid(‘ of the anterior portion 
of the fourth (‘oralohrauehial. and thus runs backward to its insertion on the external 
side of the «anlerior (ventral) portion of the fifth eeratohraiu^hial of the sarm* side." 

Thus the only difference is the reverse origin and insertion of th<* muscle. But 
the aetiori of the muscle in Opsariichthy^^ fniciroMri^ would he similar in this positiem 
to the action of th(‘ fifth constrictor ceratohranclu’alis of (iarra. 
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Aws'vkkv’v 

A new motived lias boon doN oIopod for tho diffoit-nt iai siaimng of j^ra.v and wbito iuatt<M- 
ill sfiirial oord and oorobollnni. 'I'lio mothod ossontially ('onsists in. fixing tho tissuo in a iviodifuMl 
(-arnoy (aoetono bO; ohloroform 3U; a<‘ot.io acid- lU) fixativo. ft is ibdiydraU'd in acotoiu" 
and scMdioriH aro proparod in tho usual way. Tho sootioiis arc thon stairnsi with a niixturo ol 
(adshnian anci (Jionisa (r»;l) and aftorwanfs tr<'ato<l with a siiitabU^ buflor. It is washoil in wat<>r. 
d<'hydratod in aootono and niountod in balsam. It Ivus Ix'on obsoixod that at 4.H tlu'ro 

is a difforontiation of ^oiy and whit<‘' matti'P in ooiobolluin, but not in spinal cord; tho latter ^ivos 
a diffon'ntiation at pJT b.o. It is possibh’ that tho isooNsU rio point oi protoins of j^ray and 
white inatt<'r in spinal oord and oorobollum i.s <lifToront. 

Romanowskv stain alon^.' with buffer has pr(‘viously bcMui used in tissue sections 
{(Tatenby and Beams, 19511; Gude, Upton and Odell, 1955). Tn the present 
inv^estigation a method has been develop(‘d for tlie differential staining of gray 
and white matter in sjiinal cord and (*(‘rei)ellum, using a mi.xturt^ of l^tushman and 
Oiemsa stain and subsecpietd buff(*r fn'atment. 

MKTUon 

1. Fix in a modified (^irnoy fixativt* consisting of 

Acetone - 99 ml 

Chloroform - .*9 1 ml 

Acetic acid glacial 19 ml 

for 2 hours. 

2. Dehydrate in 2-*f changes of absolute aceton(\ 

*b Embed the tissue in paraffin and prepare 8// sections in tlu^ usual way. 

4. Treat paraffin sections with xylol, acetone, accdiine water (1:1) and hydrate 
to distilled water. 

5. Stain with a mixture of Leishman and Oiemsa (5:1) for 15-29 seconds. 

9. Dilute the stain on th(^ slide with an c(|ual quantity of a buff<‘r of suitable 
pH (depending on tlie nature of the tissue to the stained) and keep for I minute. 

7. Throw off the stain and differentiafr with acetone water t ill with the naked 
eye colour changes are noted. 

8. Dehydrate rapidly with acetone. 

9. Clear in xylol and mount in (Canada Balsam. 

Results : Spinal Cord 

Gray matter - dark red 

White matter — orange 

Cellular matter — blue 


* \V. H. (). K(\snaich Follow, 19r>H, l^n sciit : D<*parm“nt of physiology, Univor- 

sity of Kangoon, Burma. 
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i9<l DKB ANO C. r. K. FKA>?C18 : MODIFIKD ROMANOWSKY STAININ(; 

( 'erf Ijelhotf 

(Jray rnattf*r molecular layer, bright pink; granular layer, blue dots duo to 
staiiUMl nuclei, intercellular tissue pink. 

White matter light orange. 

Purkillje cells cytoplasm light blue, nucleus dark blue. 

Disc i ssioN 


hlfffct of Jijration and dehydration : 

Spinal cord and cerebellum were fixed in Zenker. Bonin's, Forrnol and Carnov. 
rhey were dehydrated in ethyl alcohol, and paraffin si^ctions were stained by the 
method <l( scribed. No diffenuitiation betweem gray and white matter could be 
(ibserved. 'Tissues fixtMi in Carnov and dehydrated in ac(‘tone gave* slight diflFerentia- 
tion. Kf)r this reason tis.sues w(‘re sul)He((uent)y fixed in a modified Carnoy in 
which the ethyl alcohol was replaccid by acetone. It has been observed that only 
after fixation in this modified (Vvrnov and deliydration of botii tlu* tissue and tlie 
section with M,eetoru\ the gray and while* matter could be well difT(‘rentiated. 

hudroijt n too ront foUrahtot . 

'The hyelnegeii ion eoiicciit ni t ion of t he elilutinu^ llnid after staining was found 
to he the deteumining fae^tor in difFen'iit iat lag spinal (ord and eerebellum. At pH 
1.8 the gray and white* matte*! (»f ei*r(*b(jllum could be very well diflTerentiated in 
shaelea of red and blue, fnit tin* Heetie>n of spinal cord turned all rod; whenjas at pH 
b.o both tide gray and white* matte*r of ee*rehelhini tnrneel hhie, but spinal cord 
gave a elifTerontiation, Phosphate* aiiei aea*tate* l)ufTe*r at M/o and M/20 concentra- 
tion weu'e* use'el anel no difreT(‘n(;e* <‘ould lx* ohserveel either by (^hanging the salts 
or tile* molarity of the* heiffer. ft is p<»Nsible* that (he ise)eleetric pe)ints of proteins 
ol’ gray and white* matte*!’ in spinal coiel and e<‘re‘bellnm are* elifTe're‘nt . 

. V(' K N o \v I . FA )e ; K M KN rs 

(irateful thanks are* eiu<* to W. H.O. fe)r the awaiel oi a i(*llo\vship and to Professoi* 
P. B, Sen, Prof(*ssor ot Phvsieilogy, foi* his valuable* siigge‘st ions and e!K*ouragoment . 
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I. Sjtiiial ford of rat. Staiix'd witli J^Disiuiiari (ii< ni.*DL and liratid vsilh M lid |)}ins|)}iat( 
Inifda- of /di d.."). fidX 

( ’♦■rrla'iluni of rat. Stai/a-d \\it)i laisJunan ( ii< rrisa and troat«‘d \vit)i >M Ud p}io.s|>}uil< 
l>ufT* r «)t pM 4.S. ()OX 




K(X)L()(;^ OF Ed.lPTA ALHA HASSK.* 


h}j P. S. Kamakkishnan. Ih fHititiu nf iff HoUiny. Hanaras lUndu VnitH rsity, 

I ’amnasi -# 

(( 'tuninnnioattsl hy R. Misra. F.NM.) 

{Rtrt n ffi A jff'i I t : I ) 


Abstk \vr 

ilfin ll«ssk. is Mrimial plnin ihrivin;^ t l«i ou^liout Hu* uin. ili<* 

i ol tlu‘ sfKu-ios is hii/lu't i\\ Hu' mimI «»! t ho rainy staj^on an<i in Hu* wmh r. Tlu' plant 

has a wiflo of tnleraiK o its rcpjirds ntnistiirr in tho s<»i) Jiral its f<‘xtnic. It piolois a ( layoy 

^ »il uilh ithiifnhnit inoistino. This spooi»>s <itn ho conx mioni l\ olii,-s( <f ntulor tin* loss oXiK'tiii^^ 
i,!i <aip of oaloioolos. 'Tho so(‘il o\itp\it loi 1 ho plant is h>x\ m )n>n caloiii o< ais soils itial inorciisos 
wtfh th(‘ iuoroast' in litno. In lii^^liK oaloaioons soip Hio sood ontpnt \iilno ti'iafs t«> litH th.wn. 
ria* soods ^ivo it ^onnination «d (52 ptn ooni in ddVuso<l ility htiht. In oonttnnous h^ht » nd 
iiftt'i- protroittinont of soods xvith nin<l ihoy j^ivt* hipdioi j^oi ininii* ion ]HMoordnKio. d lio (iipiioil> 
<»» soods to withstarni ‘■oinlil itwis of t la* s(mI ('oahlos 1 ho sp»-oi( s t ^n<.u its a moinhor 

of Hto drvinj4 l»ond f)od iUnn. d’lio ivpi odnot i vo oapiioit> viiino for h\ ulhn works tail to r>(54. 
d’ho stoinatiil fnapionoy <tf tho lojivos is nioro in Hio opon than m slutdo. d’ho .rsin tlio prt'Hsuro 
\ itIiMos fnj- this spooit's itro typi<*ttl ot a notrshA plant. 

I N'l'KoiH r rioN 


l'\)r nil imdci.staiKlint' <>1' the hiolo^iciil and rroloLdi^al (■(|iiii)incn( <>1 a s]K*ci(*.s 
in ft'lation to onviromncntal factors, its (H-ol<)<;ical lilo liistorv has to In* piiisiicd. 
fmpurtance of such life Idstorv studies has l>e<'u stressed l)y Peltoii (lifol. Itinil). 
'ranslcy and Whitehead (liioV). I’clton (Htol, l!»r):{). Salisbury (11)2H), 

Anonymous (liai) and Anonymous (I'toH) have f'iveii elaborate sehenu-s ol study 

of ecological life evele of jdants. ... , ■ , 

Salisbury (1(I2H) initialed the ' Biolof-ical flora of Ifritish Isles which was 
adojited by the British Keolofjieal Society as a co-operative venture in Idol. Sinee 
then, ecological accounts of a number of species have appeared under this head 
in the suhse<iuent issues of the Journal of Krolofn/. Ih'sidcs, a fj;ood amount ot 
detailed autecological studies have been done in Britain. Of these, the works 
of Mukerii (IfKfti) on Mercuriali.s pcrcunis. Conway (ItKKi l!»d.S) on ( ladiitm, 
,a«r/scH.v. Blackman and Jlutter (l‘)4tl. I!)17. It 14'.)) on ,S'rd/a aoa-scri/itrt and 

MeVean (Uloow.. li, Itfotiu, c, d) on Alnuu ijlutinosa. are a few worth mentioning. 

In India ecological studies of hcrhaeeoiis speei<‘s have been initiated witn 
the work of Misra and Siva Rao (1948). Misra and his stu<lent« have giver, much 

attention to this type of study (Bak.shi, I9r)2; Pandeya, Ittri.J; Mall, l.foh, 

Ramakrishnan. lOfiS: Misra and Ramakrishnan, Itldt). etc.). I he ecology oi 
Eclipta. alba as presented in this paper is further addition to the series of investiga- 

tions. 

Synonyms: 

■ Ui f>rf('Ut Linn.. Eclipta prostrata IJnn. 


Habit and Habitat 


Eclipta allxi Hassk. in an 
nodes. The species grows at 


annual, erect or prostrate herb, often rooting at the 
Varanasi in moist to water-logged localities such 


* Pan of a thesis S.ihmiltnl to the Banaras Bind.. I'nivers.ly for tl.e .iwurti of a Ph.Jl 
I legreo . 
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}• S. lUMAKHlSHNAN : ECf)L(>GY <)F KCIAVTA ALliA HASSK. 


\W 

a.-i Uk* rnar^iiiH of puddlon, ponds and drainage channelH. Tlie plant is not 

infrecpieiitly met with in <lrier areas also. The speeies is a conspic nous member 
of th(^ liora of drying ponds. 


Mokphoi,^ »o y 

The root system consists of finely liranched thin roots ))enetrating 
to a d(‘pth of about lit) to ItG cm. Rootlets also arise from stem nodes wherever 
tfu‘v are in contact with the substratum. 

m 'St rigose with a[)pressed w hite hairs risitig from a thickeiunl base. 

Ij4(ivts St‘ssil(‘, 2.r> to lo.t) cm long, but very variable, linear or oblong- 
lan(‘(‘olatc. sul)entir(* or toothed, naTr<»wed at }K>th ends. 

Infl(>rrsrt> nrr : Head Mib gl(d)Ose G.l to tfti cm. diameter, solitary or two 
log(^ther on axillary short or long and shmder ptslum-les. ll(*ads h(‘t(‘rogamous. 

I firohtrral hnirts About S. obtuse or acute, strigose outside, about (Mpialling 
or r\\(*(‘eding tin* tiowers. 

7^/.// floHu^rs: 'fubular. the coi-ollas often 1 toothed. Pappus (). ex(‘e[)t occa- 
sionally vM'ry niinutc ter-th on tiu* top ot the acluuue 

Fr^iit: Achcru-s (‘unesle eompresst^d a.nd with narrow wung, covru’rsi with 

warty ex( rcscruici's. 


( d-:o(;i{ vcuKM. 1 )is rej m rioN 

K (ifhd o( I'uis throughout India and Ceylon ascending up to ft. in the 

Himalayas and other mountains (I)ulhi<‘ PMto Ittlo). Distribution of th(‘ j)lant 
is pan t ropi<'aJ.* 


Si/.K AM) Wkioui’ of ruF Skkd 

'Idle stasis an* slightly tiattened with ont* tuid pointt'd and th(‘ other- blunt. 
'The huigth of the st*ed varu's tVoru 'J.OtHt to ihottT mm. and tlic bit'adth vari(‘s 
from thTdl to d.lfST mm. 'flu' sha[)(‘ index (length/breadth ratio) v^aiies from 
2.(hd to d.Ttf d’hc avi‘rag(‘ wt'ight of tin* seed is (h2d mg. 

Pi N V ino N .M F N'l* A I . V.UTi ) Ks 


( 'hniafir. 

riu* climatt* of \aranasi is typical of the Cpper (hingt'tic ])lains. fhe Naair* 
is divisible into thre(' stvisons : 

I. Rainy staison from last wet'k of duiu* to Octobtu*. 

J. WintA*r st‘ason from Xovcmb(*r to February. 

Summer stwson from March to Itrd week of dune. 

F. aJhii grows throughout the year and is ablt* to witlistand low tiunpi^ratures 
td the wintt'r months as well as hot sumnu'r. 

FdaPUK’ FAt^TtUlS 

'flit* .soil analysis data tor collections from various localities are set in Table F* 
'rhi* analytiial metiiods ado])ttMl are briefiy indicated. 


♦ n»is nMMnii nlijaimnl trom t tie l)irect«>r, Heyal }UH)Uuc tUoUon.s, Kew 

l\ it'luneiiU, .SujM'v. 



Soil for iu''idffyce of J], allm 
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I . S. l:\MAKKI.SHNAN : KfHH.OOY oK KCLIFTA ALHA HASSK. 


Ifydro^^en ion concfnitration was electrometrically determined. Carbonate 
« oiitent was det^^rmiiusl by Hutchinson and MacLennan’s method (as outlined by 
Piper, I9H). Kxc;h^ln^eable calcium was estimated by leaching the soil with N/2 
solution of acetic acid and following the rnetluKl described by Wright (1939) for 
calcareous soils. Xitrate in the soil was estimated eolorimetrically following the 
method outlined by Snell and Snell (1949). using a Klett-Surnmerson’s photo electrie 
{ oloriineter. Tlie nitrate was expncssed as mg. of nitrate nitrogen per 100 g. of 
soil. Organic matter was determined bv Robinson’s metluKl (as (pioted by Wright, 
1939). 


Ph!lFOKMAN<'K oF IMF PlaN'I I S' XaIIIOIS L( )( ’ A I.ITl KS 

'riic? fialut of the plant is very variable. It may b.* entirely erect or partly 
cre(!t vvitli soim* prostrate branelu'S (jr wliolly prostrate. 4’he size* of the heaves 
is also (‘xtnunely variable. The a,V(uag(‘ seed output ol the plant is indicativ(‘ 
of its suc<‘eMH iu diOcn'Ht localities (d’ablr* 1 1 ). 


I nu » It 



it’ifh tl '>/ j*'. 


i.M.v 

1 .' )< a! 1 1 \ 

Flare 
i < * m . » 

S<MW i 
<*!i( pni 

Koruai'Us 

SfU'ri/i f It 

7 o 

771 

1 )<M*unil>rnt 

liajirluii 

lo .e 

Hi S 

<i() 

\khari 

S . o 

t 

<|(> 

1 ' Hi y nvt'ii 

r. s 


IH oct 

ItanirwvgHf 

:t7 u 

) , > 1 1 

1 )o4 iifnl)ei)( , 1 (Mil i hij- 

at u(al(*s 

( l»a mIv 


1 

1 ‘ro^t fat*' 

l.iU itsliaw 

S 0 

7!H’» 

Krm’I 


Xo definite correlation (‘ould be made out between the seed output of the 
plant and any of the faet(ws like moisture eoutent. />H, nitrate content and organic 
mattc'r of the soil. However, definite correlation could be established between 
the average seed output and carbonate content and exchangeable calcium in the 
soil as is evident from a comparison of TablCvS 1 and [I. The average seed output 
of the plant increases vvitli an increase in exchangeable ealciiini and carbonate 
content of the soil. 


Associates 

The important associates of allm from the various localities studied are 
given in Table HI. 
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As 


Sjx'rios 


Ki’liufa nlha 
Altor?iaTithf^ra 
Arj^amoue nH‘xi<-anH 
I’assia. t ora 
(’hro/ophora mtl lori 
( ’o!(J('T»iii prooiiinbeiis 
(^mirn(^lina lH*nghalorisiH 
( ! f • o t a.l a r i a ino( i i oa go ?i i a 
(Voton .s|)arsifi(>r(ais 
(Voo(lra\ (l>ii‘lylou 
(’yf)(‘riis sp. 

Digit aria sangiiifialiN 
K(‘liin(a‘hloa (‘ol(a)iini 
Kloiiaiiu* iri<ii(‘.a 
baiphorhia liii-ta 
K. tljyinii'olia 
( Inapiurliuni iiuti^ uin 
(r. album 

[appia riodiHora 
Marsiloa .sp, 

Mollugo hirta 
Pas]>ali<{i!im flavidiim 
Pas])a liiin sorobicnilat lun 
f ’byllant bus niriiri 
Polygala clunofisis 
Polygoroim pl(*boj(un 
Po{(Mit ilia su])ir)a 
S<‘tai ia glanoa 
Spliacaa/il hiLs indicuw 
Sporobolus diaiuloi- 
I’l-iant b.rina ^lonog^’lla 


T MO K 111 


'fff'-s of |«y rdba i>i 




I i('s* 


I 

od 

O.t 


0.1 

I 


:t 4 a 

I o.i f a 

t !.a 

I 

l.a 

0.1 t 

o.i 
0.1 
0.1 

r n.i 

0.1 r 

i\ \ 

I 

( 

I’ o.i 


I 

i 


l.a 


V 


0.1 


1 


o.i 


o.t 


19.-. 


7 

«).l 1 

o 1 


0.1 

<•.1 


0.1 1 

( 1 

0.1 I 

n.l 


a 

0.1 

0.1 0.1 


^bocalit ies : - ! . Saruaili. '2. Kajghat, .‘b .\khari. 4. Knivrr.^-ity aroa. .7. HarnJiagar. 
t>. (biogcs b>ink. 7. batdshaw. 

.1 abundant; l.a locally abundant; i 1 r<'<^jU('nt ; o,f orwasionally loimd; v iar<* 
ahisont - 


( ' i; I /r r R K p] x p e r i m e n r.s 

Kxperitn^ni So. / .' It is spcii from soil analysis datti given in 1able fl, 
that E. (iJha occupies difTerent textural grades of soil and also can fohuate a wide 
range of moisturt^ levels. 

To investigate into these fatdor.s and to asetTlain how far the performance 
of the plant is affected by them, culture expcTiineuts w(*n‘ undertaken. Three 
sets, of three culture pots each, were prepared - (I) with elayc^y soil, (2) with clayey 
loam and (‘^) with sandy loam. In each of these sets one pot was kept water- 
logged for about 15 minutes in^thc morning and moderately watered in the evening 
daily, another moderately watered twice a day and the third one moderately 
watered once a day in the morning. Two plants of E. aUxi were allowed to grow 
in each pot. The results are shown in Table fV (Id. X, Figs. 1. 2 and 5). 



Tablf. rv 
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Dry \vt. of shoot fg.) l-f-hfi 13.1 'l’ 1«.H) 3.1(1 fi.61' .'..KO 3.0(1 .'..64 4.98 



Kamakkishn A\. 


Xat, lust. Sii. FiKlia. X’ol. 2t>. H. Plato X. 



I'iir. 1. 1‘larit.s that tire watcr-lo^LTcd for a faw rninuft s daily' in tla* and 

niitdartilal y wataicd in tlia avanin^. nfiiatural si/i' 

Ki^^. I.l — Plant ^rowiiiL^ in alayay .snil. 
fig. 1,2 Plard growing in al»iy<‘y Inani. 

Fig. Plant growing ij» sa/idy Inajn, 

fig. 2. Plants that tirt' naxlaratidy waiari'd Iwiaa daily. / * of natiiriil si/.a 

f ig. 2.1 Idant growing in alayt^y aoil. 

Fig. 'J.’2 I’lant growing in alayay loa/n. 

F*ig. 2..‘i IMant growing in .stindy loam. 

Fig. ,*h Phints that ara rnodarataly watta'ad onaa daily in t ha rnor/ii/ig^. ; > of natural si/a 

Fig. .‘{.1 -Plant growing ii. alaycy ^oil. 
f'ig, 3.2 Plant growing in alayay lourn. 
fig. 3.3 IMant growing in .sandy loam. 
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The following conclusions are evident from this experimentj Firstly, K. alf^a 
prefers a clayey soil. The sandy loam is least suited for its growth as is evidenced 
by both the low seed output and the low fresh and dry weight of the shoots. 
Secondly, the \ye8t performance in respect of seed output in each set is obtained 
ill the pot subjected to water-logging for a few minutes daily (PI. X, Fig. 1). How- 
ever, a clayey soil appears to be a more essential requirement for this species than 
the amount of >vater received as the plant growing in clayey soil moderately wintered 
once a day gives a better performance than that of any of the other pots tilled with 
clayey loam or sandy loam. However, the necessity of a minimum supply of 
moisture for the growth of the species is not to be underrated. A clayey son with 
abundant moisture supply is the most favourable habitat for Miis species and in 
nature only under such conditions is tlie s|>ecics to he found during the liot and 
dry months of summer. 

Experiment No, 2 : — From the* soil analysis data set in Tabki I. it is siHui that 
the plant is found to have a wide range of tolerance for calcium in the soil, being 
able to thrive in calo^ireous as well as non-calcareous soils. 

To assess how far calcium in the soil is responsible for the performance of the 
plant, culture experiments w’^ere undertaken. Four culture pots were tilled with 
unmanured garden soil. Pot No. I was kept as an unmanured control and to the 
other pots lime was adde^. The soil analysed at the end of the culture experi- 
ment (after about 3^ months) gave the follo\ving levels of exchangeable calcium 
in the soils of the culture pots: 

Pot No. 1 — Control with 12.(^ m.e. <>f exchangeable calcium 

Pot No. 2 -Soil with 15.0 ,, 

Pot No. 3-^ „ „ 24,2 

Pot No. 4 — ,, ,, 36,0 ,, ,, ,, 


The detailed soil analysis data are given in Table 5. 

'rABI.K V 


Audhiai-ft 

of soils in cnlture 

pots 


Soil aruilvHis 

1 

(^ilturo |iotH 

2 

4 


8.0 

8 .2 8 . « 

8.0 

(^irhonato oontont (%) 

1 . *2 1 

:i.o.-i 4.r>8 

0.02 

Kxchar^eablo calcium (m.e. %) 

12.0 

15.0 24.2 

.16.0 


Two plants were allowed to grow in each c)f the pots. Tlio results obtained 
at the conclusion of the experiment are shown in Tabic VI (PI. XI, Fig. 1), 

It is seen that the plant thrives fairly well in all the culture pots. This eon- 
firms the field observations. However, the best performance is obtained in 
moderately calcareous soils. It is also seen that the value for root/shoot ratio 
decreases with increasing dosage of lime in the soil. In other words, root develop- 
ment with regards to shoot development is comparatively pcsirer in calcareous 
soils. 
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Tabi.k VI 




of K. alhn 

in moHh frith diffeirent ler^ 

•h of rolriufn 


( UiHcrrviitiouH 

1 

Cl 

iiltiiro pots* 

3 

4 

No, of IhukIh 

HR 


34 

33 

Av. No. #>f |M^r head 

41 

.’■»4 

4H 

33 

Sc^*d output 

1470 

3IH(; 

ir*32 

!U,S<> 

Depth r>r root Hyst«?iii (cm.) 

30 

211 

3« 

r>r> 

KrcMh wt . of slioot (g.) 

lo.rntt 


l“.oi>n 

‘l.(J20 

f rc«»h \v \ . ot rf»ot ( g.) 

2 . 4 » :» 

3. 120 

1 . .720 

1 . 2t).7 

Dry wl. of whoot (g.) 

1 . .^.30 

2. i20 

1 ..’>1)0 

h.5HU 

Drv wt . of root (g-) 

C.24t» 


0 .210 

U.200 

Root /shoot ral io (fi'csh wt . hMsis) 

0.233 

o . 1 S‘» 

0. 1^2 

t). 134 

tdrv wt . has is) 

u. \r*i 

U. 142 

c. 132 

0.127 


* pot (M)nfOMts ; 

l*<>t I -( -ofii rol wit li I -,t) m.r. of o\chMnKon])l(' (‘alfiiini 

I’ot No. '2 Soil with lo.O of ox« hnujk'^ouhlc' calcitini 

I’ot No. ;i - Soil with if.J (vt oxoloui^ouhlo ^’ulciiitn 

P(»t No. 4 Soil vvitl» of oxrin? onoul)!!' U inni 


Hiotk; Fa<tous 

'Pho plants are very Husceptibh^ to biotie inlluerjees. They are frequently 
met with in the i^razin^^ ^rountls of Varanasi. The growth is, however, stunted 
and pro.strate. Fungal parasites are not reported on this species from India.* 

Phknoloov 

The plant is an annual and is found to thrive throughout the year ttowering 
and fruiting freely. Flowering starts about two months after the seedlings appear 
and the plant completes its life in about to 4 months. The incidence of the plant 
is maximum at the end of the rainy season and in winter. During the hot dry 
months of summer, the plants are restricted only to highly favourable habitats. 

Germination of Seeds 

Tlie seeds are found to have no dormancy period, but the germination per- 
centage increases with storage as seen from Table VII. Seeds collected on the 
1st September, 1957 were used in these experiments. 


♦Thia infonnntion waa obtained from the Head of the Division of Mycology and Plemt 
pathology, Indian Agricultural Research Institute, Now Delhi. 
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Tawi.k VII 

OermiifHwn of seeHs of K. nllm a^r tin, 
for tHffer**nl peHtnla 


I>a(c‘ 

No. Or4(<^ts 
gorminatoU 
out of 50 

IVn’ciiiage 

gcnniruititai 

10-9-19.57 

‘2' ' 

4 

2-1 M 957 

8 

10 

2-1 -1958 

31 

02 

2 7- 1958 

31 

02 


Salisbury (1929) has drawn attention to the importanee of intermittent ><ermi- 
nation in the survival and establishment of seedlings in nature. In E, (dfxi, the 
seeds which can germinate earlier will do so if the conditions are favourable and 
others later so that the chances of survival of seedlings are imlianced. 

The germination behaviour of the seeds of E\ afht wiw studied under different 
light conditions (Table VIll). The seeds were kept in (1) diffuBixl day light and 
darkness at night, (2) continuous light of an electrics bulb and (3) continuous dark- 
ness inside a chamber. 


TAnf.i: N'JTI 

(ienniiutfiou oj (J V,. al})a under tHiJcrt'ni lijf/it (onditif/Uf* 


ViMi- 


:M-r)9 
4-1-59 
.5- 1 -.511 
(>-1-59 

7- 1-59 

8- 1-59 

9- 1-59 

10- 1-59 

11- 1-59 

12- 1-59 

13- 1-59 

14- 1-59 

15- 1-59 

16- 1-59 
18-1-59 
20-1-59 

22- 1-59 

23- 1-59 

24- 1-59 
26-1-59 

26- 1-69 

27- 1-69 


XumlKT ol' out of 50 


l)ifTuy»Ml 
<lay iij^lit 

O 

0 
0 
3 

1 

7 

1 

I 

I 

1 

0 

2 
2 
3 
0 
0 

1 
J 
1 

1 
1 

2 


15 

I 

3 

i 

\ 

0 

1 

1 

0 

0 

0 

I 

1 

0 

12 

I 

0 

0 

0 

0 

0 

0 


( ’onl iououH 
(larknoHK 

U 

(t 

4 

! 

1 

n 

0 

<> 

(t 

u 

I 

0 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 


Percentage 

Qerminaiion 


62 


82 


14 
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From 1’able V’lII it ih «een that the maximum germination of 82 per cent in 
obtained in continuous light which raa}^ l>e partly due to the warm atmosphere 
around tlu^ electric bulb and also due to the direct eiffect of light itself. Very poor 
germination is obtained in the seeds that are kept in continuous darkness. 

Fresli HfMMls collected on the Ist September, 1957 were buried under mud for 
four months and then put for germination in diffused day light. These seeds gave 
a germination of 72 [)cr c^cnt which is greater than <hat obtained from dry stored 
seeds. 


KkCUODI'CTIVK (tvPAiMTV 

Salisbury (1942) dclincs repnxiuctive^ (uipacity as the product of the average 
seed output and the fraction n‘presen<ing th<‘ percentage gc'iniination. It represents 
the intrinsit: (aipaeity of tin* spe^eies to reproduce. I'le* reproductive capacity 
value for K. alhn works out to obi. K. nUm d<»cs not prot)agate itself by vegetative 
means though rooting at in wins is fnMjuent. wherever they are in contact with 
the substratum. 

KpIDKKMAO StRIO'TI HK AM) StomATAI, PllKorKNOV OK Lewks 

The leaves have ajipn^ssed hairs on both sitlos. The configuration of the 
epidermal (^4!s of the lower and iif)|K'r surfaces is different. The outline of cells 
of the upper surface is more or less straight in surfaer> view', while those of the low^er 
surface ari' w^avy. Stomatal tVecjuenev and stomata! index values for this species 
in ‘sun’ and ‘shafb'’ l(‘aves are set in 1'ab!e IX. 


'PsHi.i: I 

frcqfirni'fi anti 'ifotnttta! iruler in ''snn^ •nai 's},nd('' Irant^s of 10. hII>m 



Ijpprr t 


1 ..ou «'r c 

j>iU(‘rmis 

Strii^sOi 

1 irulox 

. Nn. 

StoinatH 

I0|)i<l<Mn\Hl 

StomnlH 

10f)MU'iTnHl 

lq)pcr 



pt»r 

1‘clls p<'r 

por 

ri'lls por 

suiTncc' 

suiTaci' 


S4(.fnin. 

sq.mm . 

s(j.Tmn. 

.sq.mm. 



1 

*255 

CSS 

.37.3 

8:24 

l>4.7 

.31 .2 

II 

:i24 


4.31 

aoi 

28.0 

31 .0 

HI 

•J7r> 

70C 

U)'2 

\)]'2 

28.0 

30 . Cl 

1 

PM> 

COS 


41 1 

24.4 

35.4 

n 

I7r> 

.%4U 

'22r> 

401 

24 . .3 

.35.0 

HI 

\m 

CIS 


40! 

24 . 1 

35 . 0 


It is .seen that the number of .stomata per unit area is more on the lower surfac^e 
than on the ufipor surface. .Moreover, the stomatal frequency is more in the open 
than in the shade. 


OsMOTfO PKKS.SfTRE OF THE PUVXT 8 aP 

The osmotic pressure values for the plant sap of A\ alha from different localities 
live shown in Table X. The osmotic pressure values were determined cryoscopic 
method using a Beckman thermometer (Loomis and Shull, lOlH). 
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Tablk X 

Osfnotic ptfjHinrt 0/ (M plant sap of K, air>a 
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Locality 

content of 
Kiibatraium 
(%) 

OKraot*<^ 
prt'ssnre of 
plant aap 

I 

14.4 

4.045 

11 

7.6 

7.220 

III 

4.1 

H.5ie 


The values obtained for A’, a/fxt^ as seen from Table X, are comparatively very 
low and are typical ot a marshy plant. The osmotic pn^ssure fluctuates according 
to the moisture content of the substratum. 

Dispersal of Seeds 

Ridley (11^0) mentions of the following metluxl of di|>er8al of seeds for this 
species. The surface of the achene is papillose and the fruit is sticky due to a 
mucilagenous exudation. Thus, the dispersal is possible by its adherence to the 
plumage and feet of birds, He attributes the appearance of the plant in Krakatau 
by this method. The human agency is also helping its dispersal either by adhesion 
to feet or clothes or to im]>ortation with other plants. He ftirther mentions of 
seed drifts in water during floods though not (juite satisfactorily as in the case of 
buoyant seeds. 


Skedijnc Mohfuouhjv 

The germination of seeds in K. aVm is epigeal. The radicle appears as a pro- 
tniberanee from the pointed end of the seed by a narrow split in the testa. When 
the radicle is a few^ mm. long, the hypocotyl elongates in the form of a bent. The 
two cotyledons are raised above the soil and in this process are withdrawn from 
the testa. The cotyledonary leaves expand and assume green colour (Text-fig. 1). 


Economic Importance 

It is an old established Hindu medicine. Kirtikar et al, (1935) and Watt (1890) 
attribute the following medicinal properties for this species. The plant has a 
bitter sharp dry tastC; good for the complexion of the hair, the eyes, the teeth; 
cures inflammation, eye diseases, ‘kapha’ and ‘vata*, bronchitis, asthma, leucoderma^ 
anaemia, diseases of heart and the skin, itching, night blindness, syphylis, used 
to prevent abortion, miscarriage and uterine pains after delivery (Ayurveda). 

It is used principally as a tonic and deobstruent in hepatic enlarge- 
ments and in various chronic skin diseases. The fresh juice of the leaves rubl)^ 
on the shaven scalp promotes the growth of hair. The fresh plant is applied with 
sesamum oil in elephantiasis, and the expressed juice in affections of the liver 
and dropsy. When used in* large doses, it acts as an emetic. It relieves head- 
ache when appUed with a little oil. The leaves are reputed to cure sores when 
applied to them. 
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In Indo-(^hma, the plant in much used as a cure for asthma and bronchitis. 
The iH)unded loaves are pre^cribe<l in haemorrhage. In Ceylon, it is used to purify 
the blood. 



'rKXT-FIO. 1. 
ill tiu' ion ol tin* 


Kirtikar rial. (IfKIo) mentions about the oecMirrence of two varieties of the 
plant ™the yellow flowered and the white tlowennl, the Former variety have thi(‘ker 
loaves which are extensively used in catarrhal jaundice. 


DisccssroN 

'riic ecological amplitude of a .species is important in determining its presence 
in various habitats (Hanson, 1958). Erlipfa alfxi Hassk. havS a wide range of 
tolerance with regard to moisture level and calcium in the soil. In the case of 
Kuphorhia tbymifolin liinn. (in press), it has been found that the red form and the 
green form have different requirements of calcium in the soil, inasmuch as the 
former can tolerate a wide range of soil calcium whereas the latter can thrive only 
in calcium poor soils. In nlfni we find that though the plant can thrive in calcium 
poor soils, it has a poor seed output. In calcareous soils, on the other hand, fairly 
good performance is obtained in different levels of exchangeable calcium in the 
soil. However, the seed output value tends to be low in excessively calcareous 
soils. Steele (1955) has presented evidence to show that calcicoles are of at least 
two tyjH\s, one being oiore exacting in its requirement than the other. Accordingly, 
aUxt can conveniently l>e grouj)ed under the less exacting group of calcicoles. 
However, we find fhat a non-calcareous soil is not necessarily associated with an 
acidic reaction. 



v. B. BAitAxa»BN4)t : loOLoar 07 iouMfd 4igi^ ha^isk. KMI 

ITie neoeesity of soaking under mud, for germination, the seeds of MoOtun 
hirta. Polygonum plebejum, etc., has been shown by Mall (1954) to be an important 
factor in their occurrence as characteristic members of the drying pond bed flora. 
The seeds of E. olba are able to withstand waterlogging and in fsot give a higher, 
percentage of germination after pre-treatment with mud. 

The stomatal frequency of ‘sun’ leaves is found to be higher than that for the 
‘shade’ leaves. Salisbury (1932) accounts for this as due to the drier environ- 
ment obtainable in the open rather than to the direct effect of illumination. 
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OSTEOLOGY OF WALLAGO ATTV BL(>OH AND SCHNEIDER 
Part I. Osteolooy ok the Head 

hy Mrs. N. I. Joseph, IMparlntetU of Zoolofjjf, College for IFowtt'M, Trivandrum 
(Communicated by E. S. NamyaivaH, F.N.I.) 
iRprpiiiPfl hp,uu,lu>f ir% io',\ foit.i /; nuu\\ 


KUTCH MICROFAUNA— LOWER TERTIARY OSTRACODA 
By B. S. Tewari & K. K. Tandon, ])aper appears in 
VoL. 26 (B). No. 4. 

Postscript — Hermania Puri, 1953 non Mouterosato, 1844 is now included in 
the synonymy of Hermanites Puri, 1965 (Pokorny, Vladimir; 1968, GruudKiige 
der zoologischen mikropalaontologie, band II ; p. 270). Consequently, the 
species Harmia indica and Hermania parti, u. spp. should now be referred to 
Hermanites indicus and Hermanites purii n. spp. respectively under the sub- 
family Trachyleberidinae Sylve8ter-Bra<lley. 


ummacuar [ivoo) ana Gregory (l93:i) made a comparative study of the skull, the 
former author restricting his studies to c.ertain Indian sjjccies. Do Beer (1937) 
made a critical study of the homology of the bones of the skull and Eaton (1948) 
tried to correlate the form and function of the head in Jcialurus. Nawar (1964) 
gave a reasonably complete account of the osteology of Vlarias lazera. 

It is therefore clear that not much work has been done on the osteology of 
the head of Siluroidei. The . complete osteology of only two species has been 
studied belonging to the families Amiuridae and Clariidae. As regards the family 
Siluridae to which W. attu belongs, very little has been done excepting a page 
description of the skull of W. attu by Bhimachar (1933) and a shorter account of 

VOL. 26, B, No. 6. 



206 


MK8. N. I. JOSEPH : OSTEOLOGY OF 


the osteology by Regan (1911). The complete osteology of the head of even a 
single Hpecies of thin important family has not been worked . out in spite of the 
many iK>intH of interest. 

The author has therefore attempted in study in detail the osteology of the 
head of If. atiu. The osteology of the remaining x)arts will be publi8he<i as a series 
under the following heiuis : 

Part n — Osteology of the vertebral column and associated ribs, weberian ossicles 
and median fins. 

Ill Osteology of the pectoral and {)elvic girdles and paired fias. 

rV -The lateral line (issicjes. 

Mateuial and Methods 

Ov(jr a hundre<l s{)e(;imenH of If. attii were examined ranging in length from 
3 inches to over 3 feet. The collections wtTO mostly tnade in person from the 
fishing centres of Ohanganacherry and Trivandrum. A few specimens over 2 feet 
were collected during ilie South-west rnonsooii flood from the W^mbanad lake. 

As a rule skeletons over fi inches were prej)ared by the maceration process. 
Oare was taken to locate the positions of the surfac(‘ lying dermal bones and other 
bones which are loosidy attachwi. They w(Te subsequently replaced in situ on 
the dry skeleton by means of adh«‘siv(‘ ( enumt or by passing wires through the 
lateral line (’anal system wlHTt-vc’r f)res<‘nt. 

A great advantage of this method of [)r<‘parat ion was that the fn^shly prepared 
skeleton vvas still fi(*xibl(‘ and the degree of n’lative movement possessed by the 
different parts of the skeletal system (*oul(l be studied. 

The skeleton of specirtums less than fi inches was prej>ared by the alizarin 
teolmiquc^ and was used for the study of the posit ii>n of surface lying dermal bones. 
Disaiticulated skeletons were also studicxl. 

()STEOLO(;V or THE IIkAD 

The lu'ad skeletcm or the skull If. all// is a ossilied (‘omi)aot structure. 
The chondrocranium is ossiliinl (\\('ej)tiug small [)ortions in the cranium. The 
main eartilagiiious part is the posterior etiinioid region which remains unossified 
as the internasal septum, 'riiere are also cartilaginous surfaces on the lateral 
otlmioids* for the palatines. The prooth's have an inner lining of ciirtilage and 
are separatcTl from the ex(K;eipitals In' cartilage. (Cartilage forms the floor and 
side walls of the foramen magmim and tlie epiotics have cartilage between the 
oxoeeipitals anil pteroties. i\Iost of the bones are well ossified, hard and are strongly 
conneet(‘d with one anotluT. The sutural connections formed by the interlocking 
of splint like processes are so intimate that they are in many eases invisible in 
the prepared skull. Many of the dorsal bones have shallow impressions on their 
dorsal surface. 

V'iewixi from above*, the skull is wedge shaped (T. Fig. I), with the point of 
the wedge directeil anteriorly. The greatest width is in the auditory region and 
the length is about 1 1 times the maximum width. The side view (T. Fig. II) presents 
a triangular outline. The greatest height is in the region of the pre-opercular and 
this is about two times the length of the skull. The orbits are not well defined 
and the post-orbital process of tlie sphenotic is rudimentary. Posteriorly (T. Fig, III) 
there are seen the five processes characteristic of the toleostean skull — the two 
pterotic, the two cpiotic and the supraoecipital spine. 


♦ The t4>rinijiology of bouos included in this paper is according to De Boor (1937) unless 
otherwise stated. 
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The skeleton of the head is comjwsed of the followijng parts : 

1. The neurocranium consisting of the eranium onc'oaing and protecting the 
brain and the sense capsules whicli protect the olfactory, optic and auditory 
organs. 

2. The visceral arches and as.sociated bones which form the jaws and the 
hyobranchial skeleton to supjwirt the gills. 



Tkxt-fki. T. 

Dorsal aspect of the skull (Hyoid coniuaand lirancliial arches removed) 



* Text-fig. If. 

Lateral aspect of the skull (Hyoid cornua and Branchial arches removed) 
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1. The neuhochanium 

T^io neuroeranium in platybasic (Kindred, 1919) as the cavum cranii extends 
widely up to tlie ethmoid regioii (T. Fig. IV). Tiie mid-dorsal line of the cranium 
(T. Fig. IV) is not straight and the anterior 2/3 forms an angle of about 3()‘" with 
tlio mid-ventral line. The mid-ventral line of the cranium (T. Fig. IV) is perfectly 
straight and the {Kxstorior region forms the deepest part. 

There are two narrow fontarM llcs in the roof of the cranium along the inid- 
(lorsal line. The antcrir)r fontancllc ( T. Fig. I, an. f. ) is hetwecfi the ethmoid 
and the anl(*rior region of Ihe fronlals. The posterior fontanelle (T. Fig. I ])s. f.) 
i.s between the posterior region of the frontals aiul th(^ supra oc cipital. 



Text- FIG. III. 

Fofitcrior aspect of tho skull (Hyoid corniift and Branchial archcA roinovod) 

The dorsal surface of the cranium is (lal, sloping forwards and slightly backwards. 
Tlu^ anterior end —the ethmoid region — is hroa<lIy ohtus(\ Th(‘ width then sliarply 
decreases in the preorhital iH^gioa la provide space for (In* orbit and then again 
gradually increases heyoud th(^ orbit till t lu* posterior (‘xtriMuity of the neuroeranium. 
Hence the lateral edges htwond the orbits are slightly divergent. 


b-s d.p 



t^ r r i I 

O 'A Pi 





If 


I 




c.p 



Text-fig. IV. 


Modion ivspoct of tlie bisected skull (Hyoid cornua and Brancliial arches removed) 


From the midlateral region of each frontal a shallow groove arises — the dilator 
groove (T. Fig. I, di. gr.) — which runs outward towards the sphenotic and lateral 
ethmoid and terminates. There are two other grooves — the temporal groove 



fTAllAQO ATTU BLOCH AND SCHNWDBR 


209 


S/mor; 1- deeper. 

.1 _ . . ' ^ temporal grt>ove-~is tlie deeper and consinta of 

If- portion IH the anterolateral supraoecipital and autero. 

p r ic regions, a niuldle jKirtiou in the jxistero-lateral supraoceipital. 
postero-mesial pterotic and anterior i*piot.ic, and a iiosterior ix.rtion in the piwterior 
supraoceipital anteromesial opiotic and anlerodorsal exoi'cipital n'gions. The 
supratemporal groove is anterior and inner to the temporal groove. It. is shallower 
and originates from the me.sial posterior region of the fronlal. Autcriorly from 
the spfienotic it slants diagonally inwards and prooewls to tlu' liasi* of the^ siipra- 
occipital spine, by which it is st^paratwl from its fellow of the oppo.siie side. 

The midventral line ot the eranium is keeled and in the posterior n'gion. due 
to the depth of the keel, two lari?e trianjjjiilar lateral surlaeos an* h>rnuKl, one on 
each side for the attachment of muscles. There are two shallow wide fossae - one 
on each side in front of the auditory chamber bounded bv the })l(airosphenoids. 
spheuoties, and posterior re<^ions of the frontals and orbit osplienoid. 


The posterior surfiic(> ot the ue\irocrauinm is only a v^radiial slojK‘ froiu the 
supraoceipital Im-kwards. It forms an obtuse au>.dc' with tlu* dorsal surface Of 
the skull. 

The neurocranium is divided into the following regions : 

The ethmoidal region. 

The orbito- temporal region. 

The otic or auditory region. 

The occipital region which articulates behind with tlie vertebral column. 


The Ethmoidal Region 

This is the anteriorrnost region of the neuroeranium situated ire front of am! 
at a lower level than the trontals. It consists of those bonc's developed in relation 
to the snout and nostrils and comprises of the following : the ethmoid, the lati^ral 
ethmoids, the nasals, and the prevomer (IMate XII, Figs. 1-4). 

The ethmoid is a large irregular median bone with anterior lateral procosBCH 
- ethmoid cornua - (Plate XII, Fig. 1, e.e.). l\)Hteriorly it is lu furcated into two 
horizontal processes (Plate XII, Fig. I, h.p.) that go to meet the frontals and are 
tucked beneath them. These processes can be traced as faint Hat ridges up to 
the anterior end of the bone. The body of tlio bone is hollow and posteriorly it 
is divided into two lateral chambers by <a thin bony septum (T. Fig. IV, b.s.). Thest^ 
two chambers unite with one another ^interiorly and together form the anterior 
portion of the ethmoidal cavity. Thus, this region of the ethmoid may be said 
to be split into a dorsal and a ventral plate (T. Fig. IV^, d.p. and v.p.) which form 
an angle of about 30^ with one another at the anterior end. The bone is broad 
anteriorly and the ethmoid cornua project laterally as stout horns, forming part 
of the anterior wall and floor of the nasal capsule (T. Pig. I, e.). The dorsal 
surface of the bone is smooth, ventrally there is a small backward projection for 
articulation with the parasphenoid. Both the dorsal and ventral articular 
surfaces are highly split up into splint-like processes for articulattion with the 
adjoining bones. 

The ethmoid articulates with the premaxi llaries anteriorly, with the para- 
sphenoid, and prevomer ventrally, with the frontals postero-dorsally and the nasals 
and lateral ethmoids laterally. 

The Lateral Ethmoids, These are paired bone^ situated one on either side of 
the ethmoid. Each is a stoat bone and has a central body from which arises a 
stout lateral process called the lateral ethmoid process (Plate XII, Pig. 2, le.p.) or 
the antorbital process. There is another less stout but longer process situated 
posterior to the former and called the postero-lateral ethmoid process (Plate XII, 
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Fig. 2, pft.l.p.). Thene tw o lateral proceme^ of the lateral ethmoid make an angle of 
about W between them and form the anterior and mesial Ix^undaries of the orbit. 
Poftterio-mt^Hially betwooii the ethmoid, frontals and lateral ethmoid, there is an 
unossihed region for the passage of the ophthalmicus superficialis. In the centre 
of the dorsal surfane of the body of the lateral ethmoid there is a foramen for the 
exit (jf tlie ophthalmicus profundus (Idate XIl, Fig. 2, fo.o.p.) which enters the bone 
through another ventromesial foramen. At about the centre of the ventral surface 
of tlie body of the bone is a small foramen through which a vein draining the 
ventral surface of the snout enters the orbitonasal canal and leaves the same 
through another foramen situated just outer to the foramen for the entry of the 
ophthalmicus profundus. At the antorbital angle of the lateral ethmoid are 
two foramina, one above the other. The dorsal foramen is for the entry of the 
artery supplying tlie olfactory capsule and the ventral foramen for two of the 
bninches of the o])hthalrnicus profoundus. The main body of the bone is scooped 
out mesially to form an inner dorsal and ventral plate thus forming the roof, floor 
and outer w^all of tlu^ passage for the olfactory nerv^e which enters the nasal capsule 
through the olfactoi'y foramen. Anterior to the origin of the lateral ethmoid 
pnxress, there is a conspicuous^^anU^ro-dorsnl concavity — the posterior wall and 
floor of the olfactory oa[)sule (Plate XII, Fig. 2, o.c.). At the posterior extremity* 
of the nasal capsule is a large forainen — the foramen orbito-nasale — which leads 
into the orbitonasal canal. This loads into a spacious chamber in the body of the 
bone and also scu ves as [)assag(^ for a vein draining the anterior region of the snout, 
an artery supf)lyiiig the nasal capsule and anterior region of the snout and also 
for two twigs of the (»phthalmicus profundus. The lateral ethmoid process bears 
a small stout anterior [)roc(‘s.s (Plate XII, Fig. 2, an. p.) near its tip for articulation 
with the antorbital and suhorbital. Outer to the concavity forming the posterior 
region of the olfactory (•a})sule is a partially ossiiied stout anterior articular surface 
for articulation with the lachrymal and palatine (Plate XII, Fig. 2, ar.l. and pa.). 

Dorsally the lateral etlunoids articulate with the ethmoid. The nasals lie 
over them. V^entrally then' is articulation with the provomer and orhitosphenoid. 
Posteriorly then^ is a firm intiTcligitation w ith the frontals and sphenoids by means 
of the [)oster()-latoral ethmoid processes. Laterally there is a double flexible union 
with the suborl)ilHls and a loose articulation with the antorbitals by means of the 
lateral ethmoid processes. Anteriorly there is a loose articulation with the lachry- 
mals and a ligamentous union with tiu' palatines. 

Tlie two lateral etlunoids do not meet each other along the mid-dorsal line 
and tlu' posterior roof of the ethmoid is incomplete. Thus an anterior fontanelle 
is formed, situated between the two posterior processes of the ethmoid and the 
frontals. This region forms the ])osterior portion of the ethmoidal cavity and 
there is a eartilaginous internasal septum (T. Fig. IV, c.i.s.) in continuation with 
the anterior bony septum which here divides the posterior ethmoidal cavity into 
right and loft portions and forms the boundaries for the olfactory passages. 

Both the ethmoid and lateral ethraoids are not traversed by any portion 
of the lateral line sensory canal. 

The Nasals. Those are two nairow^ long tubular bones lying one on either side 
of the ethmoid and over the lateral ethmoids, anterior to the frontals. They are 
not direcjtly connected to the cranium but lie embedded in the connective tissue. 
The whole bone is traversed by the supraorbital portion of the sensory canal 
(Plate XII, Fig. 3 sor.e.). There is a small flat lateral process (Plate XII, Fig. 3, 
l.p.) near the anterior tip wdiere the anterior end of the supraorbitalc anal 
bifurcates (Collinge, 1895). ' , 

The prevomer is a ventro-median ‘T’ shaped bone situated below the ethmoid. 
At the junction of the head with the body of the bone, there are two elongated 
conical processes (Platen XII, Fig. 4 c.p.) directed backwrards and outwards and set 
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with numerous minute conical teeth — the vomerine teeth — placed in slmllow sockets 
On the dorsal surface of the head of the bone there are two shallow lateral deprt>s«ion8 
one on each side. These form part of the tloor of the nasal capsule. The IhhIv 
of the bone extends backwards below the orbit o-sphcnoid ti> meet the parasphenoid 
with which it is united by means of a prominent intordijiitati(»n. The middorsal 
surface of the prevomer forma part of the tlrmr of the ethmoidal cavity. 

The prevomer is united antero-dorsally with the ethmoid, antero-laterally 
with the lateral ethraoids and postero-doi-sally with the pjirasphenoid (Plate XIl 
Fig. 4, ar. par. and T. Fig. V, pv.). Po.steriorly the body of the? prevomer lies 
in a groove below the parasphenoid . 



'flOXT-FHi. V. 

Ventral aapoct of the skull (Hyoid rornua and Hrancbial arolfs rc'inov'od) 


The anterior tip of the ectoptcrygoid \h united by a ntroiig ligament to a Hmall 
vertically flat protuberance placed dorsal to tht^ origin of the proecHH carrying 
the vomerine teeth. 

There is no rostral bone or cartilage. The space between tiie two anterior 
lateral horn like projections of the ethmoid is filled with connective tissue. 

The Orbito-temporal Region 

The orbito-temporal region is sub-divided into : _ 

а. The orbital region. 

б, The temporal region. 

^a. The Orbital Region 

The orbital region consists of the bones that go Uy form the orbital ring- The 
orbits are large in size and lie in the anterior half of the neurocranium in the 
dorsolateral aspect and occupy about 1/3 of its length. Since the neurocnuiiuin 
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in platylmnic, the orl)its are separated mesially by a narrow i)ortion of the cranium. 
Each <»rhit is bounded anteriorly and dorsally by the lateral ethmoid, mesially 
by the |)r(!!Voiner, orbitosphonoid frontal and parasphenoid and postero-dorsally 
by the autoHphenotic. Part of the ventrolateral and posterior boundaries are 
formed by the orbital bones, the lachrymals, the antorbitals, the suborbitals and 
the two post-orbitals (T. Fij^. I, II and Plate XU, Figs. 5-9) formed in relation 
to the infraorbital branch of the sensory canal. 

The lachryrmb. Each is a small triangular bone lying in front of the antorbital 
and just over the anterior edge of tlie lateral ethmoid with which it is loosely arti- 
(•ulated. I'he anterior angle of the bone is drawn out into a long spine like process 
(Plate XII, Fig. o, sp.p.) which meets the ethmoid cornu thereby forming the outer 
lateral wall of the nasal capsule. Its posterior surface forms a small part of the 
anterior boundary of the orbit. The infraorbital branch of the sensory canal 
traverses the base of the bone emerging out at the inner posterior corner. 

The antorbitals. These are small tubular bouej>( found posterior to the lachry- 
inals and anterior to the lateral ethmoid processes. They are united in front with 
the lachrymals (Plate XII, Fig. 0, ar.l.) and behind with the suborbitals and 
lateral ethmoids. 

l^he suhorhitaU. Tlu^se are long sturdy 'S' shaped hones found raovably 
articulated with the lateral c'thrnoid prtK^ess and lying posterior to the antorbital. 
I’hey are about ^ tlit' Icrigtli ot‘ fhe neurocniniurn a?id are traversed by the infra- 
orbital branch of t in* sensory canal (Plate XII, Fig. 7 ior. c.) in its thicker anterior 
half. 'Fhev are l)roader at the two ends and lie parallel to the long axis of the 
neurocraniiim extending from the lateral ethmoid process to the ])ostero ventral 
angle of the iu^uro(‘ranium. 'Fhe middle region lies firmly apposed to the posterior 
region of the premaxilari(‘s. Each suborhital is articulated dorsiilly to the lateral 
othnuud (Plate XIl, Fig. 7, ar.le.) and to the antorbital and below to the pre- 
maxillary. 

The first postorbitals. Each is a small Hat roughly triangular bone found 
above the dorsal midregion of the suborhital to which it is loosely articulated by 
its base. It lies embedded in the connective tissue and is also loosely articulated 
to the second postorbital above. The infraorbital l)raneh of the sensory canal 
is continued into it along its donsal border from the second postorbital (Plate XII, 
Fig. 8, ior.e.). 

The second postort)i(als. These are slightly curved slender tubular bones 
situated betwecu the s[>henotics and the first post orbitals. They form the poster- 
odorsal l)ouudary of the orbit and is traversed by the sensory canal throughout 
their length. Each lies just beneath the surface of the skin and is loosely attache<l 
to the lateral edge of the sphenotic above and to the Hrst postorbital below. The 
infraorbital branch of tlie sensory canal is continued into it from the sphenotic 
(Plate XII, Fig. 9, ior.e.). 

b. The Temporal Region 

The temporal region is subdivided into : 

6^. The frontal n'gion. 
fcg. The sphenoidal region. 

Tl\e Frontal Region 

The frontal region lies posterior to the ethmoid region between it and the 
sphenoidal region. It is formed by the frontals and fhe orbito-sphenoid (Plate XII, 
Figs. 10 and 11). 

The frontals are a pair of flat thin bones found .between the ethmoid in front 
and the supraoceipital behind. They form the largest part of the dorsal surface 
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of the neurocranium and occupy more than 1/3 of its length. The dorsal surface 
is sculptured to form the supra*temporal and dilator grooves (Plate XII, Fig. 10, 
di. gr., fit. gr.). ^*om the outer lateral angle of each there arises a canal which 
paasos diagonal 1}" inwards to the median posterior region at a point about 1/3 the 
length of the bone from the posterior end. This is the supraorbital sensory canal 
(Plate XII, Fig. 10, sor.c.) which is continued into the nasal in front. At this pomt 
the sensory canal emerges from the bone and lies exposed in a groove giving rise 
to two branches at tw^o dilFereut points which unite again before entering the 
sphcnotic. Further behind, the sensory c^inal unites with its fellow of the opposite 
side and continues up to the posterior end of tlie front a Is as a dee]) groove formed 
by the tw^o frontals between them. 

The two frontals do not unite along the anterior iniddorsal lino for about 
more than J their length, thus forming the posterioi 2/3 of the anterior fontanclle. 
In this region the frontals dip dowm vertically and mesially forming the side w^alls 
of the fontanelle. Posterior to this, the two frontals unite for a short space and 
then again diverage slightly forming the anterior half of the posterior font^inclle 

The frontals unite anteriomesially with the ethmoul, antcro- laterally with 
the lateral ethmoids, and postorolaterally wuth the sphonotios. The posterior edge 
of the nasals lie over the anterior edge of the frontals outer to the ethmoidal suture. 
Posteriorly they unite with the supra-occipitals and postero ventral ly with the 
pleurosphcnoids. The frontal is a well ossified somewhat translucent bone. 

The orbit oHphenoid (Plate XII, Fig. 11). It lies below the frontals and forms 
the floor and side walls of the cranium in this region. The two lateral walls directed 
upwards do not unite with each other but unite with th(5 dow'nwardly directed 
mesial posterior portions of the frontals, thereby contributing to the side walls 
of the anterior fontanelle. The side walls are thinner, almost leaf like, when 
compared to the ventral portion of the bone. The ventral portion of the bone 
is broadened out and there is a groove on the ventral surface for receiving the 
elongated roddike portion of the parasplienoid. The orbitospheiioid articulates 
anteriorly with the lateral ethmoids (Plato XII, Fig. 11 , ar.lo.) by means of two 
patches of interdigitation, dorsally with the frontals, ventrally with the parasphenoid 
and posteriorly with the pleuro-sphenoids (Plato XII, Fig. 11, ar. pi.). 

63. The Sphenoidal Bogion 

The sphenoidal region (T. Fig, I and TV) includes the parietals, pleuro-sphenoidN 
and the parasphenoid. In W. altUy the parietals are absent ((xoodrieh, 1030). 
Their place in the formation of the roof of the skull seems to bo taken up, by the 
anterior region of the supraoccipital. 

The 2 )leurosphe'nolds, They arc irregular curv(?d bones situat/cd between the 
sphenotics above the parasphenoid below and contribute to the formation of the 
posterior l>oundary of the optic and anterior boundary of the trigcraino-facial 
foramen. Each forms the anterior lateral wall of the cranium in this region. The 
inner surface is concave and smooth while the outer surface is ridged forming the 
ridge found between the ventrolateral angle of the sphenotic and the optic foramen. 
The pleurosphenoids unite anteriorly with the frontals and orbitosphenoid, ventrally 
with the parasphenoid, ventrolaterally with the proolics and dorsolaterally with 
the sphenotics (Plate XII, Fig. 12, ar. f., ar. par., ar. pr., ar. sp., ar. or.). 

The parasphenoid is a median, ventral, elongated, dagger shaped bone. The 
anterior elongated part of the parasphenoid which lies between the prevomer and 
orbitosphenoid reaches up to ^the ethmoid. Posterior to the orbitosphenoid the 
bone extends laterally upwards to form the characteristic wings of the teleostean 
parasphenoid. 

2 
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The parasphenoid articulates anteriorly with the ventral plate of the ethmoid 
by meaiiB of splint like processes, dorsally with the orbitosphenoid and prootics, 
ventrally with the prevomer and posteriorly with the hasioccipital (Plate XII, 
Fig. lli, ar.e., ar.or., ar.pr.; ar.b,). The posterior end of the i)revomer overlaps the 
anterior end of the parasphenoid for about ^ the length of the latter and there is an 
anteroventral recess on thei parasphenoid for the reception of the body of the 
prevomor. 

The rnyodome. Both the anterior and posterior rnydodoincs are absent in 
W, (Utu. There is not even a inyodomic space, (Bhimachar, 1D3I1). 

The trifjeminofarAal chamber. In W. attu the trigerninofacial chamber is not 
well developed. There is no well deliiied pars ganglionaris and at best it is 
represented only by a spacious depression or ledge on anti'rodorsal aspect of 
the prootic. The anterior and posterior openings are large and about equal to 
the lengtfi of the chamber or ledge in this case. Tli(\y have almost coalesced and 
this makes the dorsal and lateral walls of the chamber separating it from the cranial 
cavity very negligible. 

The trigeminofaeial chamber may in this case l)e bettiM- calh^d the trigemino- 
facial foramen (T. Fig. ^\^ tr. fo.) as it is only an elongated oval foramcui with a 
broad concave ventral ledge which corres{)onds to the pars ganglionaris (T. Fig. IV 
and Plate XIT, Fig. 14, pr. g.) in other forms. 


1’ho Otic or Auditory Region 

The otic region (Plate XII, Firs. 14 — 18) is situated between tln^ sphenoidal 
and occipital regions. It is formed of the following four chojulral bones — the 
prooti(^s, the pterotics, the sphenoties and the epiotics. 

The prootics. These are large Hat irregularly angular ])on(‘s forming t he anter- 
olateral wall and the major part of the Hoor of the auditory capsule. The bone 
is concave and the concavity is divided, by a dorsoventra! ridge (Plate XII, Fig. 14, 
dv.r.) which slopes backwards, into two portions, 'flie anterior part forms the 
ventral ledge of tlie trigeininofai ial foramen or the pars ganglionaris. The posterior 
part lodges the utriculus with the lapillus (Plate XII, Fig. 14, dep.la. and Fig. 18, la.) 
inside it, in a thin transparent shallow depression and also the horizontal semi- 
circular canal. Tlu^ dorso-ventral ridg<' itself has in its dorso-posterolateral region 
a tubular <^anal for lodging the anterior semi-circular canal. 

The prootic unites with its fellow of the opposite side along the median v^entral 
line over the paraspheiuud, thus forming the ventral Hoor of the cranium in that 
region. It unites anteroventrally with Hie iiarasphenoid, posteroveiitrally with 
the basioeeifiital, anteriorly with the pleurosphenoid, ]>osteriorly with the exoccipital, 
anterodorsally witli the sphenotie and postcrodorsally with tlie pterotic. 

The fiphenoiic. These are irregular hones .situated dorso- laterally just anterior 
to the prootic and between the pleurosphenoid and the frontals. The sphenoties 
are the anteriormost of the auditory bones fm-ming the lateral edge of the roof of 
the cranium in this region. Each has a thick irregular spongy bexly and a flat 
horizontal anterior process. The dorsal surface is flat and smooth in contrast to 
the ridged irregular ventral surface. The lateral line sensory canal splits up into 
the supraorbital and infraorbital branches (Plate XII, Fig, 15, sor.c., ior.c.) in the 
sphenotie and thus there is a three rayed sensory groove in the posterior dorsolateral 
surface of the bone inner to the sphenotie ridge (Plate XII, Fig. 15, sp.r.). The outer 
ventrolateral surface of the bone has a groove for articulation with thehyomandibular. 
The ant^ro-lateral angle of the bone is produced into a concave facet for accommoda- 
tion of the spine like articular process of the hyomandibular. The ventral surface 
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has a conical convexity in the inner posterolateral corner of the bone. This forma 
the portion of the cranium above the trigeminofaoial foramen. The iKBterior tip 
of the bone is thick and spongy and bears a faint sliallow depression which is the 
antero-lateral wall of the canal eni'losing the anterior vertical canal. 

On the anterior or orbital face of the body of the sphenotics there is a wel^ 
defined concavity or pit towards the mesial region, inner to the articular facet for the 
hyomandibular. From the bottt)m of this concavity there is oft(?n a foramen (or 
sometimes a series of foramina) leading to a canal in the body of the bone. This 
canal is spacious and is directed posteriorly upwards and outwards opening l)ehind 
by means of another posterior dorsolateral foramen plaee<i dorsal to the groove 
for articulation with the hyomandibular. This is apparently the vestige' of the 
spiracular canal. 

The sphonoti(5 articulates anteriorly with the lateral ethmoid, antero-mesially 
with the frontal, posteromesially witli tJ\e supraoeeipital, posteriorly with the 
pterotic, ventrally with the pleuro-splienoid and prootie; vent rolat orally with the 
hyomandibular (Plato XTI, Fig. 15, ar.lc., ar.f., ar.soe.. ar.pt.). 

The pterotic.^ are also irregular bones found in the posterior dorsolateral region 
of the neuroeranium. The upper surface is smooth and shows shallow depressions 
corrospe^nding to the anterior and median portions of the temporal groove. Iho 
lateral dorsal edge is formed into a ridge (Plate XII, Fig. lb, pt.r.) on a lino with 
that of the sphenotie. This ridge corresponds to the bifid pterotic process found 
in other fishes, Dliarmarajen (I95fi). ^Fhe posterior end of the pterotic ridge is 
at a lower level than the preeec'ding portion. The ptoroties form the posterior 
lateral portion of the auditory capsule and are traversed by the horizontal semi- 
circular canal wliich perforates internally the lateral wall of the bone. Posteriorly 
tho bone is traversed l)y the inner and outer l)ranehes of the lateral line sensory 
canal which unites in the pterotic ridj'e at about the middle of its length. Ft is 
then continued forward into the sphenotie as a single canal giving off the pre- 
opercular mandibular branch. 

The ptoroties adjoin the sphenotics anteriorly, the epiotic and exoocipitals 
posteriorly (Plate XU, Fig- Id, ar..sp., ar.soc., ar.epo.). 

The epiotics. These are roughly semicircular bones forming the posterior 
corner of the auditory capsule. From its posterior end there arises a flat down- 
wa. dlv directed epiotic process (Plate XII, Fig. 17, epo.p.) the base of which is 
traversetl by the inner branch of the sensory canal before passing on to the pterotics. 
Anteromesially the bone shows a small recess for the posterior vortical semicircular 
canal. 

The epiotic unites laterally with the pterotic, anteriorly with tho supraoeeipital 
and mesially with the cxoccipital (Plato XII, Fig. 17, ar. pt., ar. oxo.). A 
articular facet is present at the junction of the epiotic with tho posterior end ot the 
pterotic ridge. This facet is for the movable articulation with the epiotic limb 
(superior limb) of the post temporal (described along with tho pecitoral girdlo in 
Part III of this scries.). 

The Occipital Region 


This is the hindmost region of the neurocranium connected in front with the 
otic and frontal regions and behind with the first vertebra. It forms the posterior 
roof, wall and floor of the cranium and is pierced by the 

about the centre of its posterior surface. This region consists of the following 
bones : a dorsomedian supracccipital, a ventroraedian basioccipital and latera 
exoccipitals (Plate XII, Figs. 19-21). _ 

The supraoeeipital. This is the largest of all the ocdmtal bon^. It 
forming the roof of the cranium behind the frontals and bears a broad median 
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pf>8terior vertical occipital process, the supraoccipital spine which is about J the 
total length of the bone. The dorsal surface of the bone is smooth but grooved 
forming the posterior portions of the temporal and sapratemporal grooves. The 
supraoccipital does not form the dorsal boundary of the foramen magnum as that 
region is cartilaginous due to insufficient ossification Ixjtwciui it and the cxoccipitals. 
There is a dorsomedian ridge and the anterior 1/3 of the bone is cleft in the median 
line giving rise to the posterior i)ortion of the posterior fontanella (Plate XII, 
Fig. 19, ps.f.). The bone also shows three pairs of lateral ridges which arise from 
the base of the supraoccipital spine. These are the anterior, lateral and posterior 
supracKJcipital ridges (Plate XII, Fig. 19, an.r., l.r., ps. r.) of wliich the last is the 
most prominent. 'I’he anterior ridge proceeds forwards and outwards and meets the 
angular ridge over the posterior region of the frontal and spheiiotic as in Sihindia, 
Bhimacliar (193.3). The lateral ridge goes outwards towards the central basal 
portion of the ptorotic ridge and the posterkjr ridge goes backwards and outwards 
to meet with a similar ridge on the epiotie. The j)ostcrior supraoccipital ridge 
js traversed by the posterior vertical semi-circular canal. 

On the ventral surface of the bone in the centre, there are two pairs of foramina 
one behind the other. The anUa-ior and posterior pairs are for the }>assage of the 
ramus lateralis aecessoriiis and the auditory nerve respectively. ()n the dorsal 
Burfacc, on either side of the median ridge at the anterior region (»f the base of 
the occipital (;rest, there is a pair of prominent foramina for the exit of the ramus 
lateralis accessorius (Plato XII, Fig. 19, fo.l.a.). 

The Huprao<‘(dpital articulates in front with the fronlals, laterally with the 
Hphenoties and [)ter()tics, posteriorly with the ej)ioticH and vent rally with the exocei- 
pitals with which it is only apposed, cartilage still persisting between the two 
(Plato XII, Fig. 19, ar.f., ar.sp., ar.pt., ar.exo., ar.opo.). 

The exiiccipiiaU are situated laterally on either side of the foramen magnum 
and meet each other along the vontromedian line above the eav\im sinus imparis 
thereby forming its roof and the ventral and lateral l>oundar 3 ^ of the foramen 
magnum. Each is lughly irrc'gular in shape and show's a posterior, anterior, mesial 
and ventral aspesds. Mesially there are tw'^o smooth depressions one above the 
other separated by a ridge. The dorsal depression leads to the foramen magnum 
(Plate XI r Fig. l!0, fo.). The ventral depression is the cavum sinus imparis 
(Plato XII, Fig. 20, c.s.i.) containing the sinus impar. It leads from a deep 
recess closed posteriorly —the recessus sacculus (Plate XII, Fig. 20, r.s.) wdiich 
lodges the saccule and lagena containing the sagitta and asteriscus respectively 
(Plat^ XII, Fig. IS, sa.,as.). The median ridge forms the floor of the foramen 
magnum and the roof of the cavum sinus imparis. 

Anteriorly there is a largo anterolateral concavity which forms the posterior 
boundary of the otic capsule and contains the root of the vagus nerve. Viewed 
posteriorly there is a broad backwardly directed lateral ridge with a large foramen 
at its base. This is the foramen for the vagus nerve. Slightly dorsal to this is 
a small foramen for the exit of the branchial branch of the glossopharyngeal 
nerve. Anteroventrally towards the ventral median line is another small foramen 
for the exit of the palatine branch of the glossopharyngeal nerve. 

The oxoccopilals show clearly, posteriorly, the two lateral occipital condyles 
for articulation with the first vertebra wffiich in this case is fused to the basioccipital. 

The exoccipitals articulate anterodorsally with the supraoccipital, poster- 
odorsally and pos tero ventral ly wdth the epiotics, anteroventrally with the prootics, 
ventrolaterally with the pterotics and ventromesially with the basioccipital 
(Plate XII, Fig. 20, ar.soc., lyj.b., ar.epo.). Below’^'the occipital condyle there is a 
very small ventrolaterally directed process which unites with a similar process — 
the lateral process — of the basioccipital to form an articular facet for the lower 
limb of the posttemporal. 
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The basioccipital is a midventral bone forming ihe posterior end of the neiiro* 
cranium. It is situated beneath the exoceipiials and is broad and thick posteriorlv 
and thin, pointed and splintered anteriorly. As mentiomnl before it is fused witk 
the ventral half of the first vertebra and has at its posterior end two ventral poster- 
iorly directed processes (Plate ATfl, Fig. 21, ps.p.) whieh fuse with similar processes 
of the first vertebra and form articulations with the second as well as the complex 
vertebra. Anterior to this on each side is a slight concavity boundwl in front by a 
small stout lateral process. This is the articular facet for the lower limb of the 
posttemporal (Plate XII, Fig. 21, ar.pst.). 

The anterior third of the bone is tucked between tlio parasjjlu noid and the 
prootics. Posterior to this the bone is thicker and on the dorsal surface there 
is a median ridge separating two smooth shallow lateral depressions. Tlieso are 
closed posteriorly and form the floor and mesial walls of the rcccssus sa(‘culi. The 
median ridge is concave posteriorly forming a well marked groove which corresponds 
to the floor and side walls of the cavum sinus imparis (Plate XTI, Fig, 21 , fl. c.s.l.), 

Tlie basioccipital articulates anteriorly with the parasphenoid, antero-dorsally 
with the prootics, postero-dorsally with the exoecipitals and posteri(jrly with the 
posttemporals (Plate I, Fig. 21, ar. par., ar. pr., ar. exo., ar. pst.), 

2. The visceral AuciiES 

Tlie visceral arches lie mainly in the pharyngeal wall internal to the ct)elom 
and they encircle the buccal and pharyngeal cavities. They arc described as 
follows : • 

The mandibular arch or the first visceral arch. This forms the skeleton of the 
palate and gives rise to the secondary jaws or the jaws of the adult (Plato XU , 
Figs. 22-29). 

The hyoid arch or the second visceral arch. This forms the siispcnsorium and 
the hyobranchial skeleton (hyoid cornu) (Plato XII, Figs. 30-34: and T. Fig. VI). 



Tsxt-hq. VI. 

Hyoid oomua wad aMOoiated bonai 



218 


BQ». n. 1. josxfh : osteology 0» 


The lyrcmchial archtn. The third to the sixth visceral arches from the fom 
brancliial arches which support the pharyngeal w'alls and the gills (T. Fig. VII and- 
VIII), 





Text-fiq. VII. 


Branoliiol archos am! associated bones 


g- cm. I 



Text-mo. VIII. 
Fourth Pharyngobranohiol 



Text-eio. IX. 
Infrapharyngeal bone 


The infapharyngeal bones. The seventh visceral arch is incomplete and is 
represented on each side by a single bone, the infrapharyngeal bone, which bears 
teeth for pharyngeal mastication (T. Fig. IX). 
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The Mandibular Arch 

The primary upper jaw is formed of three chondral bones on each side-the 
palatine, the metapterygoid and the quadrate. A pairwl dermal bone— the ecto- 
pterygoid— gets attached to this arch. In the adult all the above bones form 
only the skeleton of the palate and part of tlie suspensorium. There are in 
addition two more paired dermal bones— tlie premaxillary arul the maxillary— of 
which the former alone bear teeth and take part in the formation of the adult 
upper jaw. The maxillary is highly raoditied for t he support of the maxillary 
barbel. 

The primary lower jaw formed of paired Mecker.s cartilage iH'rsiHts m small 
rods of cartilage inside the adult or secondary lower jaw. Paired dermal bones, 
the angulars and the dentaries form the adult lower jaw. 

The premnxillarks. They are thi(‘k carved bones which unite with each other 
anteriorly in the middle line. They form the aiitcriormost bone in the skull and 
are broad anteriorly but tapering posteriorly. Each is flattened dorHovcnirally 
and the ventral surface is sot with numerous irregular rows of sharp conical tooth 
in sockets. The teeth are directed backwards, the larger ones towards the inside. 
The premaxillarics alone form the gape of tlie mo\ith. The dorsal surface has 
the lateral margins slightly elevated. There arc two slight irregular protruberaueeB 
near the anterior end on either side of the shallow (concave articular surface for 
the ethmoid (Plate XIT, Fig. 22, ar.e.). 

The premaxillarics arc united antcromesially with the ethmoid, and posteriorly 
with the suborbitals for about half their length. They have a strong ligamentous 
connection with the maxillarics. The [lalatines arc apposed to them on the dorsal 
surface behind the maxillaries. The anterior dorsal surface of the premaxillaries 
between the ethmoid and the maxillarics form the floor of the nasal capsule. The 
skull is akinetic since the upper jaw is immovably fixed to the braincase. 

The mixillaries are small rod like bones placexl parallel to the long axis of the 
skull over the dorsal surfaces of the premaxillarics external to the ethmoid. Each 
has a double groove along its length on the ventral aspect and the anterior end is 
pointed and dorsally forms a sheath for the cartilage of the maxHlary barbel. The 
posterior end is flattened from side to side and expands into a double convexity 
which fits into shallow depressions found on the anterior surface of the palatine 
forming an incipient gliding joint that allows lateral movement. 

The maxillaries are ligamentously united to the premaxillarics ventrally and 
also mesially to the protruberam^es outer to the ethmoid. Posterolateral ly they 
are movably articulated to the palatines (Plato XIT, Fig. 23, ar.pa.). 

The palatines. These are very small irregular bones place^d above the anterior 
dorsal surface of the premaxillarics between the maxillaries and the lateral ethinoids. 
Anteriorly they form a gliding movable articulation with the maxillarics (Plat/e XII, 
Fig. 24, ar.m.) and posteromesially they have a strong ligamentous attachment to 
the lateral ethmoids. The posterior surface is irregularly concave for the attach- 
ment of muscles. The anterior spinous angle of the lachr)rmals lies apposed to 
them dorsally. 

The ectopierygoids. These are small flattened bones found anterior to the 
metapterygoids and placed obliquely. There is a narrow rod like anterior portion 
and a broad flat and slightly dorsally concave posterior portion. They form the 
anterior roof of the palate. The ectopierygoids are ligamentously attached anter- 
iorly to the prevomers just dorsomesial to the process carrying the vomerine teeth 
(Plate XII, Fig. 25, ar.pv.). Posteriorly they are loosely united to the motaptery- 
goids (Plate XII, Pig. 25, ar.me.). The endopterygoids are absent. 
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The mslupterygoids are large irregular flat bones placed almost vertically and 
pi^rallel the long axis of the skull. Anteriorly the metapterygoids are loosely 
articulated to tlie ectopterygoids, posteriorly they are firmly united with the quadrates 
and the hyomandibulars (Plate XIT, Fig. 26 , ar. ept., ar. hy., ar. q.). 

The quadrates are more or leas irregtilarly triangular bones found anterior to 
the preoperculars and below the hyomandibulars. The lower angle is thick and 
has an articular facet which is concave in the transverse direction and convex in 
the longitudinal. This articular facet is lined with cartilage and gives articulation 
to a corresponding surface at the posterior dorsal surface of the articiilars. From 
the posterior lateral margin of the articular facet, there is a small splintered posterior 
process (Plate XII, Fig. 27, ps.p. and ar. po.) for articulation with the preoperculars. 
Anteriorly, the bone is divided into an inner and an outer limb; the former arti- 
(*ulat(‘;s with the motapterygoid and the latter with the antero-ventral portion of 
the dorsiilly dircctfxl free limb of the hyomandibular (Plate XII. Fig. 27, ar. me. 
and ar.hy). 

The quadrates articulate ventrally with the angulars (Plate XII, Fig. 27, ar.aiig.) 
{K>steriorly with the preoperculars, dorsally wdih tlie hyomandibulars and anteriorly 
with the meiapterygoids. As the quadrates are immovably articulated to the 
neighbouring bones, the skull is monimostylic. 

The Aiujularn, These are elongated bones, anteriorly thin, pointed splintered 
and hollowed out and this portion of each bone is overlap{)ed by the deutary. 
Posteriorly, the Ixmes are thick and solid. The remnant of the Meekers cartilage 
is seen as a thin rod lying in the hollowed out portion (Plate XII, Fig. 28, mec.). It 
is attached to the solid [)osterior mesial portion of the angular and is continued 
forward into th(^ tuhtilar canal present in tlie dentaries. 

The angulars articulate anteriorly with the dentaries, posterodorsally with 
the quadrates (Plate XII, Fig. 28, ar.dt. ar.q.). The posterior end of the angular is 
ligamcmtously attached to the post<uior ventral inner region of the preoperculars. 
The posterior lower surface of the angulars is traversed by the mandibular hranc^h 
of the lateral line sensory cuinal. 

The deutarirs^ These are curved elongated bones of uniform wudth forming 
about 2/3 the length of the lower jaw and carrying numerous sharp conical teeth 
in sockets. 'Fliere is a posterior deep ‘v’ shaped indentation on the inner aspect 
of the bones for t he reception of the angulars. The v-shaped indentation is continued 
forwards as a tubular canal ( Plato XII, Fig. 29, c.mcc.) in w hich extends the anterior 
end of the meckers eartilag(‘s. The dentaries articulate with each other along 
the n\iddle lino, the articulation is lined with cartilage. Postcriorlyi there is an 
articulation with the angulars (Plato XIT, Fig. 29, ar. ang.). 

On the outer dorsal edge, all along the length of each bone is a shallow^ groove 
in wliioh runs the external branch of the mandibularis of the fifth cranial nerve. 
The anterior half of the mesial ventral edge shows anteriorly a longitudinal depres- 
sion for the attachment of muscles. The mandibular branch of the sensory canal 
runs as a closed canal throughout the length of the bone on the inner ventral surface, 
outer to the above mentioned depression and there are nine sensory canal foramania 
distributed along its course. 

The uvrking of the adult jaws. The adult upper jaw is formed only by the 
premaxillaries and they are strongly united together at the anterior m^an line 
without the intervention of a rostral. This union betw^een them is further 
strengthened by their firm attachment to the median ethmoid, which acts as an 
incipient copula. They are also indirectly attached to the ethmoidal region at 
tw'o other places by means of the raaxillaries and the palatines to the anterior region 
of the lateral cthmoids and by means of the suborbitals to the lateral ethmoid 
processes. Posteriorly, they have no connection either with the quadrate or with the 
lower jaw% since their posterior ends stop short a little anterior to the angle of the 
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moufch. However, the suborbitala to which the maxtllaries are firmly attached 
extend beyond the angle of the mouth as far as the quardrates, thereby strengthen* 
ing tills region without minimising the elasticity of the mouth (T.Fig.II). 

The adult lower jaw is articulated to the ventral angle of the quailrate, by a 
strong incipient ball and socket joint which allows up and down movement. The 
posterior end of the lower jaw is firmly attached by a strong tendon to the ventral 
end of the intcrhyal and the posterior lateral surface of the epihyal. The mandibular 
adductor muscles are inserted on the inner surface of the posterior region of the 
lower jaw, anterior to the quadrate articulation. The posterior ends of the pro- 
maxillarios are connected to the posterior region of the lower jaw by strong elastic 
dermal tissue, just anterior to the insertion of the above muscles. 

Since the upper jaw is immovably fixed to the crauiinn, the mouth i.s oiiened 
or closed solely by the movement of the lower jaw. Duo to the elasticity of the 
dermal connection between tlie upper and lower jaws at tlu' angle of tlio month, 
the animal is enabled to open its mouth very wide; in onh'r to gulp in large pieces 
of food. 

The Hyoid Arch 

Each half of the hyoid arch consists of two segments ; 1 . I’lie ilorsal hyomandi- 
bula and 2. the ventral hyoid cornu. The hyonuindibula consists of a single Imuic, 
the hyt)matKlibular as the syniplecfic is absent. 'I'lio hyoid cornu is composwi of 
the following bones in a descending series ; the intorhyal, (he epihyal, the eeratohyal 
and the two hypohyals. The basihyals are aliseut. Four dermal bones usually 
get associated with the hyomandibulars. These are f ho preopereiilars, tins 0 |)ercular 8 , 
the iuter-opereidar and tiie subtemporal. The suboporeiilars are al)sent (Bhimachar, 
1933). Other dermal ossifications are the branehioategals and the^ ventromedian 
urohyal which iire attuchccl to tho hyoid (^ori)ii (Plato XII, I j^(8 30—34, and 
T. Fig. VI). 

The hyoimndthular.f. These are large irregular thin flat hones situaterl vartioally 
between the auditory capsule above and the quadrat es below. Anteriorly each 
bone has two limbs an inner mesial limb articulating with the nietaptcrygoid and 
an outer dorsally directed free limb (Plate Xll, Fig. 30, in.ar.me. and o.l.). Dorsally. 
there is a thickened flat articular surface for articulation with the sphcuotic and 
the pterobic and anterodorsally there is a small thick s))inouK process— the anterior 
articular process (Plato Xn. Fig. 30, an.ar.p.)- which fits into an artmular focct 
formed by the auteroventrolateral edge of the gphcnotic with the pleurosphenoia. A < 
about tlie middle of the posterior edge, there is a third, thick ball like articular 
process — the posterior articular proceas (Plate XII, Fig. 30, jir.ar.p.) for articula- 
tion with the opercular. Both the inner and outer surfaces of the bone are smooth. 
The outer postcrodoi-.sal surface boars two muscle impressions of the mandibular 
adductor muscles. Below this is a shallow groove for the passage of the hyoideus 
facialis nerve (Plato XII Fig. 30, gr.hy.fa.). Anterodorsally there is another deeper 
groove (Plate XII. Fig. 30 , gr.hyo.fa.) leading by means of an orifice into 
tubular canal in the dorsal region of the bone, the other opening of which is situat^ 
on the inner dorsal surface of the bone. This canal i.s for the passage of the mam 
ramus hyomandibiilaris facialis nerve. On the anterior inner ventral surface o 
the body of the bone is a small tubular canal for the passage of a vein draining the 

The hyomandibulars articulate anteriorly with the metnpterygoids, dor^lly 
with the sphenotics and pterotics, posteriorly with the operculars, preoperculors, 
and ventraily with the quadrates. The articulations with the audito^ 
and the operculars are movable and these together with certain parts of the arti- 
culations with the quadrates are lined with cartilage. ! . i • * 

The preopereiilars. These are thin cresent shaped bones placed pos^iw to 
the hyomandibulars and the quadrates. In each, the posterior edge is ttack end 
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convex. The anterior edge is thin, irregularly dentated and slightly folded on 
itself ventrally to give accommodation to the posterior mandibular ligement. The 
fold is external and so there is a channel like grof>ve on the inner ventral surface, 
the poHterior edge of which gives origin to 'a pf>rtion of the above ligament. The 
dorsal and ventral ends arc pointed. The dorsal end lies apposed over the poster- 
odorsal edge of ilun hyomandibular, while the ventral end is firmly interdigitated 
with the postorior process of the quadrate leaving a slit-like opening for the passage 
of the ramus mandibularis facialis. The bone is traversed by the preopercular 
branch the lateral line sensory canal, which is divided into two ventrally below 
th(^ middle region. The outer surface of the bone is ridged along the course of 
the inner sensory canal and indicates the limit of the origin of the mandibular 
adductor musch^s. At about the middle line of the inner anterior surface there 
is a small oblique ridge bounding a shallow groove on its anterior side. The interhyal 
lies in this groove. 

Anteriorly, the preopercular unites firmly with the hyomandibular and the 
quadrate; posteriorly it is loosely apposc^d to the opercular and the interopcrcular. 
The interhyal lies in an oblique groove in the middle of its inner surface 
(Plate XII, Fig. 31, ar. s., ar. hy., ar. q.). 

The opercAilara are irregularly triangular bones placed posterior to the pre- 
opereiilars. The apex of eac^h bone is plaecxl anterodorsally and is thick with a 
somewhat deep socket for articulation with the ball like posterior articular process 
of the hyomandibular (Plato XII, Fig. .32, ar. hy.). This joint allows lateral move- 
ment for opening and closing the opereles. The mnseic — dilator opereuli — takes origin 
from all over the outer surface of the opercular, and the fibres lie in the laminae 
of the bone. The apex of the opercular above the articulatory concavity is produced 
into a thick, blunt, anteriorly directed process for the insertion of the muscle levator 
opereuli. On the dorsal inner surface of the bone, there is a low ridge running a 
little below and parallel to the dorsal edge. The muscle adductor opereuli is 
inserted all long the inner surface of this ridge. 

The operciilars are united anterodorsally to the hyomandibulars and ventrally 
to the intoroperculars (Plate XII, Fig. 32, ar. i.). The preopereulars are loosely 
apposed to it for st^rno distance along the anterior edge. 

The ithkropf.rculara. These are thin fiat bones with a convex ventral 
and a coiieavo dorsal edge. They are placed below the operculars between it and 
the preopereulars, and thereby occupy in part the position or the subopercular 
(of other fishes) which is absent here. 

The interopcrcular is united to the opercular above and the preopercular in 
front (Plato XII, Fig. 33, ar.o., ar.po.) the union with both these bones being not 
very firm. 

The subtemporali, (Bliimachar, 1933). These are small elongated tubular 
bones developed in connection with the dorsal region of the preopercular mandibular 
lateral line canal. They are situated between the middle of the lateral edge of the 
ptorotics and the dorsal edge of the preojH^rculars with both of which they are 
loosely united (Plato XII, Fig, 34, ar.i., ar. pt.). 

The mterhyals (T. Fig. VI, ihy.) are small rod like bones found between the 
hyomandibulars and the epihyals and posterior to the quadi'ates. They lie in shallow 
grooves formed by the iimer surfaces of the preopereulars and the quadrates, ventral 
to the orifice for the exit of the hyoidous facialis nerve. They are firmly united 
dorsally to the hyomandibulars and anteriorly to the quadrates (T. Fig. VI, ar. hy; 
and ar.q.). Their ventral ends have a concave articular facet for articulation with 
the epihyals (T. Fig. VI. ar.ehy.). This articulation allows up and down movement 
to the epihyals. Posteriorly they unite with the preopereulars and the posterior 
mandibular ligaments are partially attached to the ventral ends of these bones. 
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The epihyals (T. Fig. VI, ehy.). These are elongated flattened triapgular 
bones occurring between the ceratohyals and the interhyals. The posterior ©ml 
of each is pointed and the outer dorsal edge gives attaclmieat to a portion of the 
posterior mandibular ligament. Anteriorly each epihyal is bmad and adjoins 
the ceratohyal. Between the two bones is a distiiict layer of cartilage, the middle 
region of which is intemiptixl by a strong interdigitation of splints arising from 
both bones. The splints are present only on the outer surface of the bones and 
hence the cartilagenous connection is continuous on the inner surface. The mesial 
and outer surfaces of the bones are smooth and a low ridge on the ventral edge 
gives attachment to tlie last four branchiostegals of which the anteriormost is 
found at the junction between the epihyal and the ceratohyal. 

The epihyals are movably articulated to the ventral end of the interhyals. 
Anteriorly they are firmly articulated to the ceratohyals. 

The ceratohyals (T. Fig. VT, ehy.). The ceratohyals are elongaUni bones situated 
between the epihyals and the ventral hypohyals (T. Fig. VI , ar.v.hyp.). Each 
is double the length of a epihyal and narrower in the anterior middle region than 
at the two ends. The posterior end is broad (as broad as the adjoining end of 
the epihyal) and flat, while the anterior end is tiuck and cylindrical with a spongy 
concave articulatory facet for the reception of the outer end of the ventral hypohyal. 
The inner ventral edge of the bone has a low ridge, in coni inuaiion with that on 
the epihyal for the attachment of the remaining anterior branchiostegals, excepting 
for a small region at tlie very anterior end. 

The hypohyals. There are two on each side, a dorsal and a ventral (T. Fig. VI, 
d, hyp., V. hvp.), situated anterodorsal and anterior to the ceratohyals respectively# 
The ventrarhypohyal is by far the larger and longer of the two. 

Each dorsal hypohyal is a small, thin, irregularly triangular bone found between 
the first hypobranchial and th<^ ventral hypohyal. The dorsal hypohyal is separated 
from its fellow by the cartilagenous first basibranchial and between it and the 
first hypobranchial is a distinct thin layer ot cartilage. A cartilagenous layer is 
also present between the hypohyal and the ceratohyal as a thin lining on the 
articulatory surface, but the two are united by slight interdigitations on the outer 
dorsolateral surfaces. The dorsal hypohyals adjoin the first hypobrancliials behind 
and the ventral hypohyals in front. 

The ventral hypohyals are solid irregular bones with a smooth rounde<l anterior 
surface and a concave posterior surface. Mesially ca(;h is united firmly with its 
fellow of the opposite side, a thin lining of cartilage intervening between the two. 
The posterior end is thicker and dips doAvn ventrally forming an eliptic convex 
articular surface for uniting with the ceratohyal. Each ventral hypohyal unites 
dorsally with the dorsal hypohyal, posteriorly with the ceratohyal and mesially 
with the median urohyal and with its fellow of the opposite side. 

The urohyal (Harrington, 1955). The urohyal is a median i^giital membrane 
bone situated posterior to the hypohyals (T. Fig. VI, u.). It is irregular in sha]^, 
with a dorso ventrally flattened trident shaped ventral base haying 
compressed longitudinal lamina of bone along the dorsal middle line. The teetn 
of the trident shaped base are directed posteriorly, the middle tooth more 

than twice the length of the lateral teeth. The narrow anterior end is thick ana 
is articulated with the two hypohyals and the cartilagenous first bambranchial. 
The vertical lamina of bone is broad (as broad as 1/3 the total length bone) 

and extends from the anterior end longitudinally along the doi^l middle 
stoping short a little anterior to the posterior tip of the middle tooth. The muscles 
from the pectoral gridle are inserted on either side of this dorso-median lamina. 

The branchiostegals. There are 18 to 21 branchiostegals, 19 being the most 
common, and they are attached by their bases to the ventral edge of the epihyals 
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and ceratohyals (T. Fig. VI, br.). Taking a case where there are 19 banchiostegals^ 
the first 15 are usually attached to the ceratohyal, the sixteenth is attached to 
the junction of the ceratohyal, and the remaining three, seventeenth to nineteenth, 
are attat^hed to the anUirior half of the epihyal. 

The size of the branch iostegals decreases from behind forwards and the first 
branchiostegal is only about 1/3 the size of the last branchiostegal. The branch- 
ioHtegals are free diHially but are interconnected by skin and muscles — adductores 
branchiostegalium. Each branchiostegal is comparessed laterally and consists of 
a dorso-ventrally enlargcxl slightly bifurcated base and a free curved pointe<l ray. 
Tlie bases are attached to a low ridge along the inner ventral edge of the <'eratohyals 
and thf^ epihyals. 

The sw^pemorium in W, attu is of the mothyosiylic type, (T)e Beer, 1937), where 
the primary upper jaw is suspended not by itn own processes but by the hyomandibula 
articulated with the auditory region. Due to the higlily modified nature of the 
skull, the maxillarics have lost their normal connection with tlie (piadrates. Hence 
the adult upper jaw is attached to the neuroc ranium only in the ethmoid region. 
However, the (juadrate still retains its articulation with the hyomandibiilar. The 
adult lower jaw is suspended only by the hyomandibular tlirongh the intervention 
of the quadrate, as the symploctic is absent. 

The Branchial Arches 

Each lateral half of a branchial arch is made up the following four bones from 
above downwards : the pharvngo!)rancbiiil, the cpi])ranclnal, the ceratobranchial 
^in<l th<^ hy()ol)ranehial (T. Fig. VIl). Th(‘ two hypohrancliials are united in the 
mid ventral lines by a nu'diau basibranehial. whi<‘h acts as a copula. The branchial 
arches carry gill rakers on the dorsolatiu’c.l surfaces of the ceratobranchials and 
the ventral surfaces of the ciubranchials (T. Fig. VTf, g.r.). (dll filaments are 
present on the ventral s\irfaces of the ceratobranchials and the dorsal surfaces of 
the cpibranchials. 

The phnrtfH'jnbrafichiiiJ.H (T. Fig. VFl, ])br. I and 2). The first and second 
pharyngobranchials are united to form a single elongated hone anterior to the 
thinl pharyngohranehial. Tt is dorsoventrally tlattcned, the anterior end is thick 
and narrow. It is placed paralh;! to tlic long axis of the skull and unites anteriorly 
witli the united mesial end of the first and second cpibranchials. a layer of cartilage 
separating the two. Posteriorly, it unites firmly with the third pharyngobranclual. 

The third pharyngobranchials arc thickened spongy bones nearly as broad as 
long and situated posterior to tlie fused first and second pharyngobranchials. On 
each side the third epibrunchial is arthailated on the anterior dorsolateral surface 
of tlio bone, while the fourth e]>ibranchial i.s articulated to its posterior end. The 
ventrolateral surface is aniculattHl to the fourth pharyngobranehial. 

The fourth pharyngobranchials (T. Fig. VH and VIII, pbr. 4) have slipped 
down from their original position behind the third pharyngobranchials (to which 
they still retain a connection) and are placed ventrolateral to the latter bone. Each 
has developed as a flattened dorsoconcave, oval, toothed bony plate. The teeth 
are placixi in sockets and are found all over the bone, excepting for a very small 
region mosially. The largast teeth arc found posterolateral ly and decrease" in size 
anteromesially. The whole arrangement serves to work against the inferior pharjm- 
goal bone in order to keep a firm grip on the prey while swallowing. There is an 
oblique anteromesial groove on the dorsal snrface for firm articulation with the 
third pharyngobranehial. The anterior end of the, fourth epibranchial is feebly 
articulate<l to it posteromesially on the dorsal surface. 

The epihramhuds (T. Fig. VII ebr.) are situated obliquely horizontally on 
either pharynx between the pharyngobranchials and the ceratobranchials. 
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The posterior ends are directed outwards and backwards. They are elongated 
rod like bones deeply grooved dorsally for the posterior 2/3 of their length as a 
passage for the branchial arteries, veins and nerves, At about 1/3 the length on 
the anterior dorsal surface, just anterior to the grooved portion, each epibrauchial 
has a flattened mesial process for insertion of the four nuiscli\s, levatores aroum 
branchialium. There is a gradual increase in the size of tlicse processes caudad. 

The first and second epibranchials are constricted and united ft>r 2/3 their 
length anteriorly. The third and fourth epibranchials are constricted in tlie same 
region for about the same distance, this constriction being more pronouric<xl in 
the third epibrauchial. The constricted portions do not carry gill rakers and gill 
filaments. The epibranchials are tipped with cartilage at botli <‘nds and are a bit 
more than 2/3 the length of their corresponding ciu’atobraiu'hials to which they 
are articulated posteriorly. The united end ol the first and second epibran<‘hials 
articulates to the anterior end of the fused first and second pliarpigobranc*hials, 
the articulation being tipped with cartilage. The anterior ends of tlu^ thinl and 
fourth epibranchials are articulated to the anterior ilorsolatcral and posierodorsal 
surfaces of the third pharyn-gobrauchial respectively. I'hcst*. articulaiions are 
tipped with cartilage. 

Tlie c^eratohranchiaU (T. Fig. VII, ebr.) are elongated rod like l)ones situatcxl 
between the epibranchials and the hypobraiicliials. 3 hey loiigest hones 

in the branchial arches and are all alike. They form the entire free vcuiral jmrtion 
of the branchial arches. Each oeratobranchial is slightly curved upwards at both 
ends and at the same time slightly deflected outwards just anterior to th<" iniddlc 
of the bone. It is deeply grooved' along the ventral surface for llic ])aBsage ol t he 
branchial blood vessels and nerves, the groove l)C(‘oming sliallower at the two cuds. 
The ceratobranchials are also tipped with cartilage at both ends and articulate 
anteriorly and posteriorly with their own hypobranchials and epibranchials lespec- 
tively. 

Tho hypobrancMaLs. All the four branchial arches possess hypobranchials 
(T. Fig. Vil, hbr. 1-4), but the third and fourth are comparatively reducwl and 
unossified. Each first hypobranchial is a flattened semicircular piece 
with a pointed anterior edge. It is almost as broad as long and abouv l/J m 
length of its own ceratobranchial. It is articulated anteriorly to the dorsal hj'poliyal , 
mesially to the second basibranchial, posteriorly to the He(;ond hypobranchial 
and laterally to its own ceratobranchial. All the articulations are lined witn 
cartilage. 

The second hypobrancliials are also of the same shape but the anterior edge 
is concave. They are about the same size and the anterior edgm has a lining ot 
cartilage. Each is about 1/7 the length of its own ceralobranclnal. It articulates 
anteriorly with the first hypobranchial, mesially with the second and tne third 
basibranchial, posteriorly with the third hypobranchial and posterolaterally with 
its own ceratobranchial. 

The third hypobranchials are cartilagenous excepting for a core of ossification, 
and their boundaries are not well defined. Each is a small roughly tnangular 
piece of cartUage articulating by its base with the second hypobranchial and its 
own ceratobranchial. The narrow apex is directed mesially and gives articulation 
to the third and fourth basibranchial. Posteriorly it is articulated to the lourth 
hypobranchial. 

The fourth hypobranchials are also cartilagenous and are somewhat cylindrical 
in shape. The boundaries are ill -defined. They are smaller and the apex is 
acute and directed anteriorly. They give articulation anterolaterally to the th^d 
ceratobranchials, anteriorly to the third hypobranchials, posteriorly to the lourtn 
basibranchial. 
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The haaibrmchials (T, Fig. VII, bbr. 1-4) are median bones placed along the 
ventral middle lino between the hypobranchials and act as a copula for uniting 
the right and left half loops of the branchial arches. The first basibranchial is 
an ill-defined flat conical piece of cartilage found between the dorsal hypohyals. 
Posteriorly it gives articulation to the second basibranchial. 

The second basibranchial is a well cmsified dorsally flattened elongated semi- 
cylindrical piece of bone with the two ends slightly enlarged. The flat dorsal 
surfac^e broadens out a little in the middle of the bone. It articulates anteriorly 
with the first basibranchial, anterolaterally with the first hypobranchial, postero- 
laterally with tlu^ second hypobranchial and posteriorly 'vith the third basi- 
branchial. 

The third ba8ibran(diial is an elongated bone with the posterior half narrow 
and the anterior half gradually broadened out to more than double the wdth of 
the posterior region. Anteriorly it articailates with the second basibranchial, antero- 
latorally it is slightly apposed to the second hypol)ranehial, posteriorly it articulates 
with the fourth basibranchial and postorolaterally with the third hypobranchial. 

The fourth basibranchial is a broad roughly shield shaped piece of cartilage 
placed anterior to the infrapharyngeal bones. It articulates anteriorly with the 
third basibranchial and the third hypobranchials, laterally with the fourth hypo- 
branchials and posteriorly with the infrapharyngeal bones. 

The gill rakerfi. In W. aftu, a predaitioiis form, feeding on live prey which 
it swallows, the gill rakers have become modified into sharp conical teeth like 
structures which thereby help to retain a strong grip on the prey and prevent its 
escape while being swallowed. The gill rakers arc superficial structures and are 
not fused to the l>ones on which they occur. In the dried up skull, they can be 
easily removed and leave only a slight impression to denote their attachment. 
They are found hero only on the opi and ceratobranchials in one or two rows, 
i.o. an outer and inner row, A table showing the number of gill rakers, their 
disposition on the bones and tlieir variation is given below : 


Names of bones 

First 

branchial 

arch 

Second 

bronchial 

arch 

Third 

branchial 

arch 

Fourth 

branchial 

arch 

Epibranohial 

6-7 outer 

7-8 outer 

5-6 outer 

4-6 inner 

6 outer 

Ooratobranchial 

i!l-22 outer 
and 2 inner 

20-22 outer 
and 7-9 inner 

20 outer 
and 13-15 
inner 

22-26 outer 
and 2 inner 


The gill filaments are slender laterally compressed pointed ray like structures. 
They are found in two dorsal rows on the epibranchials and two ventral rows on 
the ceratobranchials i.o. one row on either side of the groove containing the branchial 
blood vessels and nerves. They are cart-ilagenous and their bases are fused together 
and also with their fellows of the neighbouring row for about 1/3 their length, thus 
forming a continuous strong protective ventral sheath for the afore-mentioned 
blood vessels and nerves. Gill filaments are found en the epi-, cerato- and hypo- 
branchials. They decrease in size gradually anteriorly on the epibranchials and 
hypobranchials to about a minimum of 1/3 that of the longest gill filament of the 
same branchial arch. 
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f the number Of gUl filaments on each of the segments of the 
branchial arches and their variation is given below : 


Names of 
branchial 
segments 

First 

branchial 

arch 

Second 

branchial 

arch 

Tliird 

branchial 

arch 

FourUi 

branchial 

arch 

Epibronchial 

75-80 

78-80 

70 

68 

Coratobrcuichial 

130-140 

130 

120 

116-118 

Hypobranchial 

15 

23-25 

20-30 

34-36 


The first snpraphanjngnhranrhials. Tlieso arc.' small insignificant cartilagonous 
pieces one on each side, arising from the dorsal region of the first ei)ibranchials, 
just anterior to the flattened mesial process (T. Fig/ VII. sphbr.). 

The Infrapharyngeal Bones 

The infrapharyiigeal hones (T. Fig. IX) represent the eeratobran<.‘hiai elements 
of the fifth braucliial arch. The two infrapharyngeal hones lie adjoining each 
other anteriorly on either side of the ventral longitudinal middle line, posterior 
to the fourth basibranc^hial. Each bone is elongated and curved diverging outwards 
from its fellow posteriorly. The anterior and posterior ends (T. Fig. IX, an.,p«.) 
are sharply demarcated and tln^ anterior end is short, (cylindrical and partly eartila- 
genous. The posterior end is thin and ])ointod and well ossified. It is 1/3 the 
width of the anterior end but about double its length. In between the two ends, 
there is a mesial broad curved elongated toothed bony platen (T. Fig. IX, b.pl.) 
meeting its fellow anterornesially but diverging posteriorly. It extetKis for about 
the anterior 5/0 of the length of the bone and overlies the narrow anterior end. 
The teeth are conical and sharp and placed in sockets. They cover the entire 
surface of the bony plate and are dire(*t('d postero-mesially. The infrapharyngeal 
bone articulates anteriorly with the fourth basi branchial and anterolateral ly with 
the fourth hypobranchial. Its posterior end is free. 

Discitssion 

The osteology of the head of W, atiu presents a number of interesting modi- 
fications w'hich can be correlated to its habits. The bones of the head are all well 
ossified and the articulations strong, many showing splinters and interdigitations. 
Such an arrangement is necessary to withstand the shock caused when it swallows 
or snaps at large prey or large articles of food. The dorsal surface of the skull 
is almost smooth and the bones arranged in a compact manner. This together 
with the wedge-like shape of the head enables the fish to dart after its prey. 
Usually in teleost fishes the angle of the mouth is bounded by the upper and lower 
jaws, but here, as the maxillaries are used for the support of the maxillary barbels 
and the premaxillaries stop far short of the angle of the mouth, the latter is formed 
by an elastic dermal tissue, which gives an increase to the gape of the mouth. This 
aspect has not been reported so for. As an adaptation to its carnivorous habits, 
the animal is fully equipped with several rows of backwardly directed teelJK on 
many of the bones in the mout^b. Thus the premaxillaries are very well developed 
and well armed so also the prevomers, the infrapharyngeals and the fourth pharyngo- 
branchials are toothed. The branchial arches also show this adaptation with the 
gill rackers being modified into strong sharp teeth in two rows. 



228 


WPBS, If. 1. JOSEFH : OSTXOLOOY OF 


^J^he cephalic Hhield, so well developed in forms like Clarias lazera (Nawar, 
11)54) with the help of the supraorbitals> the dermosphenotic and the posttemporals, 
is not formed in 14 . attu. This is because it is active in habits and more of a 
necktonie form. Hence the observations of Gregory (1933) on the cephalic shield 
in Siluroids is substantiated by this negative proof. 

Kven though W , attu has a comparatively large head skeleton yet the bones 
are very liglit, hence one docs not find any bracing of the junction of the skull with 
the backbone, as noticed in (HatiuH lazera (Nawar, 1954) or Arins ^ona, Arius sagore 
and (XHteogenf O^uH miUtaris (Bhimachar 1933). 

Rudiments ot the temporal foss<i have been described in Amiurus (McMurrich, 
1884) and in Macronns (Bridge and Haddon, 1893 and Bhimachar, 1933). In 
W. attu, there is no temporal fossa but the posttemporal arcade is represented by 
the posterior supraoccipital ridge which joins w'ith a corresponding ridge on the 
epioties. 

llui relationship of the ophthalmicus profundus to the lateral ethmoids is 
report'd here for the first time. Eaton (1948) in Ictalurus laemtris punctaius 
describes a ligamentous coniujction between the lateral ethmoid and the third 
orbit.al bone. No sucli connection has been noted in the form under discussion. 
I lie lattual et hrnoids in 14. <ttlu show a posterior firm interdigitation with the 
sphenotics by rm^ans of the* posterolateral ethmoid process. This is apparently 
a piimitivo Icniture as it is seen in SilumUa (/angeticu (Bhimachar, 1933) a primitivu* 
catfish and not seen in the more specialised forms. 

A vosligii of (he (U'bitonasal (‘anal seen in certain other teleosts, for example, 
in OtohtfniH rufnr (J)harmaraj(*n, 193fi) has been found in this form and seems 
to bo reported for the first time in the Siluroidei. 

In Avnnnis entuH, Me Munich (1884) and Kindred(1919), there is no articulation 
between the pro vomer and the lateral ethrnoids. In the form studied, there is a 
firm articulation; this relationship is also seen in Claria^^ lazera (Nawar, 1954) and 
Rita huchauani (Bhimachar, 1933). 

1 here has been some confusion with regard to the terniinolog}" of the orbital 
bones; Me Murrich (1884) and Bhimachar (1933) have not clearly differentiated 
the orbital bones, A comparison with the orbital bones in other loss specialised 
teleosts in relatuuyship to the surrounding bones shows that in W. attu, there 
is only one antorbital, a single suborbital and two postorbitals on each side. The 
second postorhitals are identified by their relationship to the sphenotics (Dharma- 
rajen, 193()). 

• I ^*de walls of th(‘ orbitosphenoid are thick, laminated and poorly ossified 
in Itita bacJuinani (Bhimachar, 1933) and it is partially tubular due to the fusion 

gangelica (Bhimachar, 1933), Ayiviurus catus 
(Mo MuiTich, 1884) and Clnrins lazera (Nawar, 1954). In IT. att 7 (, the bone is not 
tubular and the side walls are thin but well ossified. Its floor is very thick and 
together with the prevorner and the parasphenoid forms a brace for the floor of 
of the cranium (Gregory, 1933). 

Generally in teleosts the basisphenoid is a small median Y-shaped bone placed 
above tiie parashenoid. Its presence in the Ostariophysi is the subject of much 
controversy Kindred (1919) and Do Beer (1937) have reported its presence in 
Amiurus, According to Sagomehl ( 1 884) and Berg ( 1940) it is lacking in Ostariophysi. 
^iiimachar (1933) has reported this bone in all the catfishes he studied, including 
. (wu, and as being fused on its ventral side with t|j;ie parasphenoid. Its presence 
or absence can be established only by erabryological studies which are not included 
p^^por. An examination of the adult skull of W, attu shows no clear indication 
ot m presence or fusion to the parasphenoid. 
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In the otic region there is no m 3 ro(lome» nor even a myodomio space* Hence 
it is clear that W, aitu belongs to the group of higher eatfishes where the myodome 
has been obliterated by secondary simplific^ition of the region. The myodome is 
present in very primitive catashes like SUundia gt^ngeiim (Bhinmchar, 1933). A 
rudiment of the myodome has been described in catm {Me Murrioh, 1884). 

The modification and almost complete obliteration of the trigeminofacial chamber 
in Siluroida is clearly seen in W. aUu. This also seems to be a case of secondary 
simplification of the region, as the presence of a rudimentary [mrs ganglionaris 
indicates that the chamber was present in ancestral forms. 

The vestige of the spiracular canal in the sphonotic described in -4mia. AUU, 
1903) and in Otoliihm, (Dharmarajen, 1936) is often seen in ir, atiu. This is the 
first report of this vestige in the Siluroidei. 

The vSiipraoccipital does not contribute to the foramen magnum. Tins is 
similar to the condition seen in Rita buchanani (Bhimachar. 1933). The posterior 
foramen on the ventral surface of the supraoccipital is the larger one and it gives 
passage for the auditory nerve. In AirJimiH (McMurrich, IKS4) this foramen is 
tlie smaller and is for the passage for the ascending branch of the first spinal nerve. 
The supraoccipital articulates only with the neural spine of the complex vertebra 
as the first and second vertebrae (the latter is free) have no neural arches. 

In W. aitu the basioccipital is completely fused with the first vertebra; the 
line of fusion is clearly visil)le on the dried up skull. It articulates posteriorly 
only with the }M)sttemporals and is excluded from the formation of the foramen 
magnum by the exoecipitals. Nawar (1964) in Clarim Inzera and Bhimachar 
(1933) in Rita buchaymni have described an articulation of the basioccipital with the 
complex centrum. 

The reduction in the size and number of pterygoids apjMuirs to be a measure 
of evolution in the Siluroidei, as in SUundia gangetica^ a primitive form (Bhimachar, 
1933) all the three pterygoid bones are present. In Amiurus (Me Murrich 1884) 
there is only the metapterygoid and a vestigial ectopterygoid which is a more nodule 
of bone. In Clarias lazera (Nawar, 1964) and also in Rita buchmniy Plotosus canius, 
Pangasius buchanani and Macrones aor (Bhimachar, 1933) the ectopU^rygoids are 
reduced. But the degree of specialisation among these forms could be analysed 
by the relationship of the ectopterygoids with the prevomer and the quadrates. 
In the primitive form SUundia gangeiica, it has a firm articulation with the prevomer 
and is toothed, the dentition being continuous with that on the prevomer. In 
Rita buchanani it looses the dentition, but retains its articulation with the provomor. 
In IF. aitu it is reduced and has only a ligamentous connection with the prevomer 
and in Amiurus catus (Me Murrieh, 1884) it is vestigial. Highly specialised forms 
like Arius sona and Arius sagore (Bhimachar, 1933) have developed secondary, 
firmer articulations with the lateral ethmoids. In Clarias lazera (Nawar, 19M) 
the ectopterygoids are well developed. They do not have any relationship wth 
the prevomer but show a firm interdigitation with the quadrate. A comparison 
with the condition in other teleosts seems to indicate that the relationship of the 
ectopterygoids with the quadrate, and the anterior distal end being free is the 
least specialised or the most primitive condition. Their relationship with the 
lateral ethmoids is the most specialised condition and that with the prevomer is 
the intermediate stage. Therefore, it seems safe to assume that the nature of 
the articulation of the ectopterygoids could also be used as a measure of specialisation 
in the Siluroidei. 

In the hyoid arch, the symplectic is absent. Nawar (1954) has also suggested 
the same condition in Clarihs lazera. Me Murrich (1884) in Amiurus catus and 
Bhimachar (1933) in W. aitu and certain other forms discussc<i by him, haVe reported 
the presence of a small rectangular 83 rmpletic cartilage persisting between the 
hyomandibular, quadrate and the preopercular. It is suggested that this is not 
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a symplectic cartilage, as the same amount of cartilage of the same shape persists 
in the same position in teleosts where there is a well developed symplectio, for 
example, in OtoUihus (Dharmarajen, 1936). In the skull of certain fishes there 
is persisting cartilage betwt^en several bones and it therefore seems reasonable to 
assumes that the small amount of cartilage persisting between the hyoraandibular, 
quadrate and preopereular is homologous to the cartilagenous interspace in Otolithus 
(Dharmarajen, 1936). The position of the symplectic is completely filled up by 
the interhyal. 

In the hyoid arch there is no basihyal (Nawar, 1954) but the urohyal acts as 
an effective copula in this region. The branchial arches show slight fusion between 
parts, and soim*. segments are cartilagenous. But all the elements an^ represented. 
This is in (contrast to a form like (flarias lazf ra (Nawar, 1951) where there is 
reduction of all segmentH except the ceratobranehials. 

Th(i homology of the bone carrying the dors^xl patches of [)lic.rviigeal teeth 
has not been clarified so far. Me MuiTi<!h (IH84) nainexl it as the epipharyngeals 
in Aminru,^y but did not give the homology. Nawar (1954) calh'd it the dorsal 
pharyngeal patches of teeth and stated that the bases of the fuse to giv(^ 

rise to a concave*, hone. In W. aitUy the dorsal patches of pharyngeal teet h are placed 
in sockets and are in no way different from those on the pnunaxillaries, prevomer, 
or infrapharyngeals and the bones carrying tlH‘se pharyngeal teeth have definite 
articulations both with tlu' third pharyngobran(‘hials and the fourth epibraneliial. 
A eomparison with the ( ondition in a less specialised teleost like Otoliihns (Dharma- 
rajen, 1030) shows that in the latter, the third, fourth and to a very small extent 
tlie second pliaryngobranehials carry the dorsal patolies of pharyngeal teetli, and 
also that there is a tendency for the posterior pharyugobranehials to m()no])oIise 
this funt^tion. TIence in IK. aitn as the first to third pharyngobranehials are present, 
and as the bones (‘arrying t he dorsal pai<4ies of pharyngeal teeth have articulations 
with the third pharyngobranehials and the fV»urth epibranehials, it appears safe 
to conclude that they are the fourth pharyngobranehials which have slippe^d down 
to a mon^ ventral position in order to ensure a better grip against the infrapliaryn- 
geals. 

In conclusion the osteology of IK. seems to indicate that it belongs to the 
group of higher catfushes due to the absence of the myodome and the nature of 
the ectopterygoids. But the absence of the cephalic shield, the presence of a deeq)ly 
situated head skeleton, the ])resen(*e of all elements in the branchial arches and 
the lack of secondary articulations between the skull and the vertebral column, 
indicate that it is not a v'ory highly specialised form. The lightness, compact 
arrangement of bones, and almost smooth dorsal surface, the wedge like shape of 
the skull together with the elasticity of the gape of tlio mouth and' the full comple- 
ment of teeth make it well suited to its active, predaceous, necktonic life. 
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List of Abbbkviations 


an 

ang 

nn,ar,p 

an,f, 

an.p, 

an,r, 

arU,o 

ar.ang 

ar.b 

ar.dt 

ar,e 

ar,ehy 

ctr.epo 

ar.ept 

ar.exo 

ar.f. 

ar.hty 

ar.i 

ar,l 

ar.l and pa. 

ar.le 

ar,m 

ar,me 

ar.o 

ar,or 

ar.pa 

ar,par 

ar,pl 

ar.po 

ar.pr 

ar.pst 

ar.pt 

ar,q 

ar. 8 

arsoc 

avap 

ar-v.hyp 

aa 

b 

bhr 

b.pl 

br 

b. a 
br,a 
cbr 
chy 

c. i.a 
c.mec 
c,p 

c. s,i 
dep.la 
dJiyp 
di,gr 

d, p 
dt 

dv»r 

e 

€,C 

ebr 

thy 

epo 

epo.p 

epi 

exo 

/ 

fi.v 


Ant-erior ond 
Angular 

Anterior articular proooas 
Anterior fontanello 
Anterior process 
Anterior ridge 
Antorbital 

Articular aurfaco for the angular 
Articular surface for the basioecipital 
Articular surface for tho dentary 
Articular surface for tho ethmoid 
Articular surfaoo for the epihyal 
Articular surfaoo for the opiotic 
Articular surface for tho ecioptery^oid 
Articular surface for the exoccipital 
Articular surface for thc^ frontal 
Articular surface for the hyoinandihiilar 
Articular surface for the iuteropen'ular 
Articular surface for the lachrymal 
Articular surface for the lachrymal and palatine 
Articular surface for the lateral ethmoid 
Articular surface for the maxillary 
Articular surface for the metapterygoid 
Artic\ilar surfaces for tho opercular 
Articular surfaces for the orbitosphenoid 
Articular surface for the palatine 
Articular surface for tho parasphenoid 
Articular surface for the pleurosphonoid 
Articular surface for tho pr<M>percular 
Articular surfoex^ for tho prootio 
Articular surface for tho posttoinporal 
Articular surface for tho pterotic 

Articular surface for tho ligamentous attachment to ilie prevomer 
Articular surface fer the quadrate 
Articular surface for tho 8ubtoin[)oral 
Articular surface for the supraoccipital 
Articular surface for tho sphenotic 
Articular surface for tho ventral hypohyol 
Asteriscus 
Basioccipital 
Basibranebial 
Bony plate 
Branchiostegal 
Bonyseptum 
Branchial arch 
Ceratobraneb ial 
Ceratohyal 

Cartilagonous int(3ma8al septum 

Canal for ronmemt of mockers cartilage 

Conical process 

Cavuin sinus iniparis 

Depression lodging tho lapUlus 

Dorsal hypohyal 

Dialator groove 

Dorsal plate 

Dentary 

Dorso ventral ridge 

Ethmoid 

Ethmoid cornu 

Epibranchial 

Epihyal 

Epiotio 

Epiotic process • 

Eotopterygoid 
Exoccipital 
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Abstract 

flofu t.H of twrnty niiM! f)f r(’pti!o» Hro studied here with a view to understanding 

tho r<lation lH‘tw(‘en tha in(;om)>leto inter- voritric iilar septum of the non-croeodilian 
rt'ptiloH arid tha eniuplete iiiter-veiktrieular sf^ptuin of tlio crocodiles. I'lio pars inuscularis 
(n lie' eroefxliliaii inter- vent ri<ailar H<’>ptuin lias txK'n shown to correspond to thck 
ineoiiiplcitc^ inter-vontric iilar septum of the lowc^r i‘<»pti]o8. Tlie pars ondocardialis has no 
< ountc^ri'nrt. uithifi the v^intriele nf tlxo lowc’r rc'ptih's. It is a new formation and has probably 
developcMl nn a vcmt ri' ular eont iiiviatioii of the left endocardial ridge of tlie enibroynic bulbus. 
'fhe ‘s»u‘ondar>' «»r vertiear septum of some authors is merely thf‘ most medial and prominent 
of the many v»irtical ridges premmt in tlu) wall of the ventricle. It is unlikely that it plays 
any ru’e in th<^ ( oinphdinn of tlwi inter votitricular K«»ptinn. It has been shown, on circums- 
tufktiai groiinds, that the incomplete mter-vt^ntrietdar septum lies hetw(‘en the pulmonary arch 
and the systemic arehc-iH. 1’he pn'w«‘nt study records tho salient features of the morphology 
of the reptilian heart uls<». 


rNTRODtTCTIOlS" 

licfdilcs arc tlic first truly ttTrestrial vertebrates in so far as their respiration 
and rcprixluetiou are eonec'rtuxl, but in other respects they are still in the proccvss of 
evolution and hcrict* arc imperfect. This is particularly so in regard to the circu- 
latory organs. Tlu^ h(‘art of the reptile i.s, in most eases, imperfectly four -chambered. 
There art' two aurielt's sei>a rated from one another by a complete interauricular 
st'ptum while the single ventricle is divided imperfectly into two parts by means 
a muscular partition which is still incomplete. It is only in the crocodiles that 
the heart becomes ('ompletely four-cliambered. How this change from a three- 
chanibercd heart ot the lower reptiles to a four-chambered one of the crocodile 
is brought about is a question that has been troubling the minds of the anatomists 
for a long time, 

A scrutiny of tlu.^ literature on tlie reptilian heart reveals that there has been 
some misunderstanding regarding the nature of the ventricular cavity and the 
septR thennn. 

Goodrich (1910) declared that ‘‘in the reptilia the interventricular septum 
tends to <livide the chamber into u loft cavity leading to the base of tho right systemic 
arch and a right cavity leading to the base not only of the pulmonary but also 
of the left systemic arc}i’\ He also believed that the separation of the left and 
right cavities may have been brought al)out not by mere fusion of the incomplete 
muscular septum with tho oppsite wall, but by the growth from behind forwards 
ot a new muscular septum differentiated from the muscular strands which unite 
the base of tho old septum with the dorsal wall of the ventricle. 

O ponoghue (1918) opined that, rt^arding Ophidia and Lacertilia the above 
conclusion ne^ed modification and said that in these reptiles the ventricle is 
partially divide^ into a right and left chamber but the two systemic arches -come 
off Irom the right side and the pulmonary arch comes of from the left”. With 
^ard to the flow of blood within the heart he has caused some confusion by saying 
that whereas m the Orooodilia and Chelonia as in birds and mammals the aerated 
VOL. 86, B. No. S. 
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blood is poured into the left side of the ventricle, in Ophidia and Lac<n*tilia the 
reverse is the case and the aerated blooti passes into the right ventricular 
chamber’'. 

Rau (1924) described, in addition to tho incomplete inUTveiitricular septum, 
a median vertical muscular ridge dividing the caudal [)orlion of the large 
dorsal cavity into right and left halves. This vertical ridge is also incomplete 
anteriorly. 

Leene and Vorstman (1930) called this vertical muscular ridge as the ‘Vertical 
septum” and attributed to it great phylogenetic significance. They l)elioved that 
it helped in the formation of the complete interventricular septum olf the crocodilian 
heart. 

Mathur (1944) mentioned incomplete dorsal and ventral “soptoid processes*’ 
occuring as the anterior remnants of the median vertical ridge. He, however, 
named tho interventricular septum “muscular ridge” and homologisod it with 
tho median vertical muscular ridge described by Rau (1924). 

Foxon (1955) emphasising the role of tho median vertical muscular ridges said 
that “it is this secondary septum which in crocodiles and birds lH‘coracs tho definitive 
interventricular septum”. He has also stated that in mammals the interventricular 
septum is derived from the primary septum. 

Regarding tho relationship between the openings of the aortic trunks and 
the incomplete interventricular septum of tho lower reptilOvS there is a tendency 
to separate Crocodilia and Chelonia from Ophidia and Lacertilia. Thus O’Dorioghue 
(1918) states that the interventricular septum lies betAveen the pulmonary and 
left systemic trunks in Ophidia and Lacertilia while it lies between the pulmonary 
and the right systemico-carotid trunks in Crocodilia and Ohelorna. Goodrich (1919) 
describes the opening of the right systemic trunk as being dorsal to the interventri- 
cular septum and that of the pulmonary trunk ventral to it, the opening of the 
left systemic trunk being situated almost opposite to the free edge of the inter- 
ventricular septum, nearer to tlie opening of tho right systemic trunk in Ophidia 
and of the pulmonary trunk in Chelonia. von Hofsteu (1941) also considers that 
the position of the left systemic trunk in relation to the ventricular septum cannot 
be ignored and observes that in Lepidosauria it is dorsal to the septum wliile in 
Chelonia and Crocodilia it is ventral to it. 

Thus a review of the literature on tho reptilian heart will bring to light the 
fact that our understanding of its internal structure, particularly of the ventricle, 
is far from being conclusive. It also shows that there is still no correct evaluation 
of the role that the incomplete interventricular septum and other structures within 
the ventricle play in the formation of the complete interventricular septum of tho 
crocodilian heart. 

It is this fact that induced the present writer to study this problem afresh 
from a comparative point of view and find out the true nature of the ventricular 
cavity and of the interventricular septum. For this study, hearts of twenty-nine 
species of reptiles were used. Most of those species belong to Ophidia and Lacertilia, 
those of Chelonia and Crocodilia being relatively few. A list of the names of 
reptiles studied is given at the end. Most of the specimens were collected at Dharwar 
and neighbouring areas in North Karnatak. A few specimens were procured from 
Bangalore, Annamalainagar, Waltair and Visnagar through the kind co-operation of 
friends to whom the author is greatly indebted. 

The hearts were dissected under a stereoscopic binocular dissection microscope. 
Hearts for serial sectioning were fixed in Bouin’s fluid and the sections were stained 
with Ehrlich’s or Delafield’s Haematoxylin. In some cases sections were counter* 
stained with eosin or Congo-red. Wax model reconstructions of some hearts were 
also made. Hearts of Ge^yda trijuga^ Calotes versicolor and Naja naja have been 
treated as representing Chelonia, Lacertilia and (^hidia for purposes of illustration. 
All the figures have l^n drawn by the author. 
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Shape and ^ize of the heart 

A detailed aeeouut of the extetml morphology of the heart of reptiles has 
been sent to press. Only pertinent features are herein recorded. 

The siiaix) of the heart seems to depend upon the external form of the animal 
to which it l>elong8. Thus in Chelonia the heart is generally broader than Iong» 
in conformity with the characterLstic flat and laterally expanded body. 

In Rhynchocephalia and Lacertilia, the heart is slightly broader than long 
and bears some resemblance to the chelonian heart in typically lizard-like forms 
such as Sphmodon pmiciaiua (O’Donoghue, 1920), Hvmidaciylus leschenaulti, H. 
Jlaviviridis (Mahendra, 1942), (^alotes versicolor, Teraiolepis fasciata, Ophisopa beddo- 
mci, Mafruya carinata and Varanm monitor (Mathur, 1944). Unlike the chelonian 
heart the apex of the laceriilian heart is nearly always pointed. In lizards in which 
tl\o shape of the b<xly is altered as in Chamaeleon Zeylankua, Riopa guentheri 
(Kashyap, 1951) and Barkudia imularis the heart tends to become elongated. 
In Barkudia inHuluriH in which the body is elongated and devoid of limbs, the heart 
is extremely modified and shows highly unequal auricles, a deep interauricular 
Hssure, oblique coronary sulcus and even a left anterior shoulder-like extension of 
the btise of the ventricle as in the heart ofsnakes. 

In Ophidia the heart is highly elongated and exhibits all the characters referred 
to in connection witli the heart of Barkudia insularis, but in a more marked and 
typical manner. 'Fhe heart of Acrochordua granulatus, the marine Colubrid snake 
is, howcjvor, unique in being highly iruneated in appearance and in being situated 
almost in the middle of the body as in no other snake so far studied. 

The heart of ( rocodiles, like those of lizards and Rhynchocephalia, is only 
slightly <4ongated. 

Regarding tlu' siz(' of th(‘ heart relative to the size of the body it is found that 
the chelonian atid laec'rtilian hearts are generally bigger than those of other reptiles. 
Among the snakes, wliich generally show a small heart relative to the size of the 
body, Eryx johni seems to bo an <'Xception in possessing a comparatively larg(‘ 
heart. 



Biaseotion of the snhis venosus of Oeomytta itijuga showing the oblique sinii- 
auricular aporturo with the cephalic and caudal valves. 
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A gubemaculum cordis is generally present in the hearts of Chelonia, liaoertilia 
and Crocodilia. 

Venous trunks mhd Sinus Venosm 

The base of the venous trunks and the sinus venosus arc \isually of large sisse 
in Chelonia and Lacertilia, The internal structure of tlie sinus venosus is at its 
simplest in the chelonian heart, there being no sinus septum (Text-fig. 1). Among 
the lizards, there ai-e some forms whose sinus venosus does not possess a well developed 
sinus septum. Such foms arc' Hemidactylm Jtavivirdis (Mahendra, 1942), //. lesch- 
emuUi, Teratolepis fasciata, Bio]M (jiietUheri (Kashyap, 1951), moniiof 

(Mathur, 1944) and Tiliijua scincouhs (Ran, 1924). Generally, however, the 
sinus septum is well developed in the lacertilian heart (Text-tig. 2). In those 
lizards in which it is absent, the junction between the left prccaval vein and the 
sinus venosus does not show any constriction. In Ophidia, the structures inside 
the sinus venosus have undergone some reduction in conformity with the reduction 
in the size of the venous trunks and the elongation of the sinus venosus (Text-Ug. o). 
In the crocodiles, the sinus venosus is very much rediieed, suggesting its ultimate 
di8ap[X‘arancc in the hearts of birds and mammals. 



sin-aurap 


postcav 


Tbxt-fio. 2. 

Disaection of the sinua venosus of Cfjthte^ versicolor showing a weU develop 
cephalic rim at the junction of the sinus venosus t^ith tlie dorsal wau of tna 
right auriolo. Note the large size of the venous tnmks and the well developed 

sinus septum. 


5 
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Auricle* 

The auricles arc thin wallwl and highly distensible. Hence when gorgedwith 
bltxrtl they appear darker and larger than the ventricle. The difiference in size 
between the two auricles is not so emphasised in the chelonian heart. The different 
is nuxlerato in laoertilian, rhynchocephalian and crocodilian hearts while it is 
extreme in the ophidian hearts. Along with the increase in disparity in the size 
of the auricles and lengthening of the heart as a whole, the interauricular fissure 
is also seen to Imjcoiuc deep. 


Diverticulum 

The presetice of a diverticulum on the auricle does not connote any special 
significance, as its formation is a specific peculiarity brought about by the disposition 
of the aortic trunks or their immediate branches and the presssure they exert on 
the auricles. (Icnerally, it is the right auricle that bears the diverticulum and the 
right pulmonary artery is often responsible for its formation. An exception to 
this is the heart of Ptijas mucosits (Ray, 1934) in which the diverticulum is borne 
on the loft auricle and is caused by the left systemic arch. 


Valve.') 

Regarding the disposition of the sinu-auricular valves, there is a remarkable 
uniformity in the lu'arts of all lower reptiles. The sinu-auricular aperture and the 
sinu-auricular valves that form its anterior and posterior margins are both obliquely 
transverse (Text-figs. l-;i). The ends of the valves towards the left side extend 
into the base of the left precaval vein and slightly overlap each other, the 
cephalic valve being ventral to the caudal. Towards the right side, the two valves 
run vertical and parallel to one another and gradually fuse to form a ridge 
called the suspensory ligament. The auriculo-ventricular aperatures are, each, 
guarded by a single largo mesial valve and in some hearts by an additional small 
lateral valve (Text-figs. 4-6). The mesial valve is attached to the posterior end 
of the interauricular septum. Its dorsal and ventral margins are attached to the 
corresponding portions of the ventricular wall. The lateral margin alone is free, 
thin, notched and inflexed. ft is this j)ortion of the valve that plays an important 
part in preventing the regurgitation of blood during the ventricular systole. The 
mesial valve is bowl shapetl, with the hump of the bowl towards the auriculo- 
ventricular opening and the cavity towards the vejitricle. Wlren the right valve 
is pushed towartis the auriculo-ventricular aperature during the ventricular systole 
it is seen to lit snugly into a corresimnding hollowness in the base of the ventricle, 
outside the rim of the auriculo ventricular aperture. In such a position, the 
intlexed lateral margin of the valve opens out and lies just against the opening 
of the right systemic trunk. This fact is of considerable significance in directing 
the two streams of blood into the systemic arches, the mixed blood finding its way 
into the loft systemic arch whoso opening lies just beyond the limits of the lateral 
margin of the valve when it has opened out and the arterial blood finding its way 
into the right systemic arch, which is the only channel left open for the blood du rin g 
the last phase of the ventricular systole. The right mesial valve is usually larger 
and stronger than the left. The mesial valves show a gradual increase in size and 
efficiency from Chelonia through Lacertilia, Ophidia and Crocodilia. In the Iskst 
group, the openings of the aortic trunks are actually situated within the mesial 
valves, antero-mesiaUy. Hence the valves act like funnels directing the blood into 
the aortic trunl«, during the ventricular systole. The opening of the right 
systemic trunk is situated within the left mesial valve while those of the left 
systemic and pulmonary trunks are within the right mesial valve. 
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Text-fio. 3. 

Dissection of the sinus venosus of Naja 7iaja showing the coplialio rini, sinu* 
auricular aperture with valves and the sinus septum. Note tho oblique disposition 
of tho loft precaval and tho elongation of tho sinus vonosus. 


Cartilaginous supjport 

A cartilaginous support is frequently present in the heartsW Chelonia, Lacer- 
tilia and CrocodUia. It is unifocal in the first two groups and multifocal in the 
last one. Ophidian hearts are usually devoid of a cartilaginous support. However, 
a small cartilaginous rod has been found in the heart of Typhlops braminus (Kashyap, 
1950). The usual location of the cartilage is near the anterior end of the inter- 
ventricular septum, in the vicinity of the pocket valves of the aortic trunks, some- 
times extending slightly beyond the limits of the ventricle. The cartilage is generally 
of the hyaline type. 

Ventricle 

The ventricle is the most important part of the cardiac anatomy from the 
point of view of the shift from a three-chambered condition to a four-chambered 
one. In the ventricle of all lower reptiles there are two large cavities, a cavum 
dorsale situated antero-dorsally towards the left side and a cavum pulmonale 
situated ventrally towards the right. These two cavities are completely 
separated from one another in the caudal portion by the interventricular septum^ 
wMe anteriorly, where the interventricular septum becomes incomplete, they 
communicate with each other freely. The present study has shown that the hearts 
of Chelonia, LacertiUa and Ophidia form a progressive series showing a gradual 
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increa»e in the thickness of the wall of the ventricle, particularly towards the left 
side (Text figs 4-6). This brings about a corresponding reduction in the extent 
of the cavum dorsale. The thickened ventricular wall, towards the left side, is 
broken up into numerous vertical ridges which lodge spacious crevices among 
them which will trap the arterial blood as it rushes into the ventricle and hold it 
till the venous and mixed blood reach the pulmonary and left systemic trunks. 

It should be noted that the classical view regarding the selective distribution 
of blood to the three aortic trunks in Amphibia and Reptilia has been questioned 
by some authors recently. Thus Vandervael (1933) and Foxon (1947, 1951 and 
1955) have brought out expriraental evidence to prove that mixing of blood takes 
within the amphibian ventricle. A similar view has been expressed by Prakash 
(1952) conauning the lizard, IJromisiix kardwickii. However, Foxon and his 
associak^s (1956), using similar radiographical methods on another lizard, Lacerta 
viridiji, have 8U[)ported the mdective distribution hypothesis. Simons and Michaelis 
(1953) using riuorescent dyes, have shown that in the heart of the frog, Hylu caerulea 
selective distribution of blood occurs under certain unknown cireurastances while 
at t>thers mixing of bhx^i takes place. Thus experimental data are still inconclusive 
regarding the nature of the ininxcardiac circulation of blood in the amphibian and 
reptilian hearts. But looking at the problem from a purely anatomical point of view, 
one feels that several advanced features of the reptilian heart such as the absence of 
a truneuH arteriosus; increased ridge formation towards the left side of the ventricle 
and relative lack of the same towards the right side; the presence of an incomplete 
interventricular septum whose incomploteiu^ss is such that the venous blood is 
obviously led on to the cavum puimonalo; all these and many more to be detailed 
p^ 08 entl 3 ^ itulicak an att<‘mpt at a selective distribution of blood within the reptilian 
ventricle. The degree of separation may, however, vary with diffenmt reptiles, 
depending upon the finer details of their cardiac anatomy. 

'fhe mesial aurieulo-ventricular valves extend somewhat deeply into the cavum 
dorsalo in the hearts of liaccrtilia and Ophidia (Text-figs. 5-6). They are attached 
to the ventricular wall dorsally and ventrally and are free only laterally. Therefore, 
it could be expected that the arterial and venous streams of blood rushing into 

ventricle push the lateral free margin of the valves, medially, as far as their 
fixed dorsal and ventral margins [H>rmit. By fhis the two mesial valves form a 
sort of a transient median vertical partition which is operative till the main volume 
of arterial and venous blood have found their respective places within the ventricle. 
Secondly, the incomplete interventricular septum is so situated that it permits 
the bulk of the venous blood to get into the cavum pulmonale from where it 
i.s carried forward by the pulmonary trunk. Towards the left side of the cavum 
dorsale, the absence of an exclusive arterial chamber is amply compensated by 
the numerous vertical crevices that cut deep into the wall of the ventricle. These 
loeked-up spaces are decidedly more advantageous than open cavities as they do 
not permit a free movement of the blood lodged in them and hence prevent, to 
some extent, the mixing up of the two streams of blood. 

The location of the openings of the three aortic trunks is also noteworthy. 
The o|)ening of the pulmonary trunk is within the cavum pulmonale, ventral to 
the interventricular septum. The opening of the right systemic trunk is dorsal 
to the septum, very near the right auriculo- ventricular aperture in such a way 
that it is just coverd over by the lateral margin of the right auriculo- ventricular 
aperture during the ventricular systole. The opening of the left systemic trunk 
lies just beyond the lateral margin of the right auriculo ventricular valve when 
the latter is distended, opposite to the free margin of the inter ventricular septum. 
The disposition of these openings is very suggestive of a selective distribution of 
blood. 

It has been suggested that the ventricle of the lower reptile has within it two 
incomplete septa disposed in different planes. One of these is the interventricular 
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septum. The other one has been referred to as the ^‘muscular ridge” by Rau (1924) 
and “vertical septum” by liceno and Vorstman (1930). The vertical septum 
is^ said to be situated almut' the middle of the cavum dorsalt^ in its caudal portion , 
disposed in a dorso-ventral plane. The vertical septum, by virtue of its location, 
appeared to them as significant and suggestive of the way in which the interventri- 
cular septum may have become complete. A similar opinion is irnplioii when 
Foxon (1955) says that “it is this secondary septum which in crocodiles and birds 
become the definitive interventricular septum”. The only thing that was required 
was to continue this incomplete, caudal and vertical septum, cranially, till it joins 
the region between the mesial valves of the auriculo-ventricular apcrtiu'cs. Before 
becoming complete, the vertical septum should, however, turn to the right no as 
to include the opening of the right systemic trunk. lA>ene and Vorstman (1930) 
summed up their hypothesis by saying that “in dividing the ventricle into two 
parts, two septa play a part, a vertical septum and a horizontal one”. The horizontal 
septum referred to hero is the interventricular septum. They als<^ illustrated 
their hypothesis by means of two figures in which the^vertical and tlie horizontal 
septa have been extended further, anteriorly, along the planes^thcy occupy, till 
the ventricular cavity is completely divided into venous and arterial (channels. 


It.aur 
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Tbxt-fio. 4. 

Dissection of the ventricle of Qeomyda tfijuga from tho dorsal side, showing 
the auricular ostia with valves, the cavum dorsalo, the openings of Uie aortic 
tnmks and the incomplete interventricular septum Note the spacious cavum 
dorsale and the moderately thick wall of the ventricle. The^small ridge between 
the openings of the two systemic tnmks indicates the position occupied by 
the para ondooardialis in the crocodilian ventricle. 


The present study has afforded an opportunity to find out the validity of 
Leene and Vorstman’s two-septa hypothesis. Transverse sections of the ventricle 
of many reptiles, particularly of Laoertilk and Ophidia show a medially situated 
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and dcnrso-Tentraily disposed muscular column which would answer to the descrip* 
tions of a vertical septum. It is situated in such a way as to divide the cavum 
dorsale into loft and right halves, if extended anteriorly. Transverse sections, 
however, do not give the required topographical details which would indicate the 
real nature of this vertical septum. When the ventricle is dissected, it is often 
difficult tr> locate the vertical septum from among the numerous vertical riches 
that project into the cavum dorsale from behind. In reality, the so-called vertical 
septum appears to be the most medial and prominent of these vertical ridges and 
nothing more. In Chelonia (Text-fig. 4), where the wall of the ventricle, which 
is rospotutible for these vertical ridges, is relatively thin these ridges do not extend 
far into the cavum dorsale and this is probably the reason why Leeno and Vorstman 
(1930) were not able to find a well developed vertical septum in Chelone. In 
Testudo they reported that the vertical septum is much better developed and this 
may be due to a slight increase in the muscularity of the ventricular wall. Thus 
the vertical septum which is to be entrusted with so important a role as the comple- 
tion of the interventricular septum is fmind to be very inconstant in its structure 
and position and is often poorly developed too. 


It.Myst 



Dissection of tho ventricle of CaloUs wrwoolor from the dorsal side, showing 
tho internal structure. Note the increase in thickness of the wall of the ventricle 
with a corresponding reduction in the extent of the cavum dorsale. The muscular 
ridges conceal deep crevices among them. 


Besides, there is the problem of the opening of the right systemic trunk which 
has to be brought towards the left side of the ventricle before the vertical septum 
oompletee itself anteriorly. This problem is explained away by Leene and Vorstman 
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(1930) by assuming that “the vertical septum turns more or less to the right growing 
fn a cranial towtion*’. It is difficult to understand how the vertical septum, which 
is already within easy reach of the region between the two medial valves, could turn 
to the right and include the opening of the right systemic trunk and at the same- 
time leave out the right auriculo-ventricular aperture. 

It is also worth noting that most of the valves and septa are endocardial in 
origin and often remain in the same condition throughout, while the vertical septum 
is purely muscular except for an extremely thin covering of endocardial tissue in 
common with the lining of the cavum dorsale. 

Further, it is difficult to believe that the completion of the inter vent ricular 
septum is effected from the caudal end as Goodrich (1919) has opined, so far away 
from the region of the auricular ostia and the opening of the systemic trunks witn 
w'hich the finished septum is so intimately associated. 

Thus from the above account it becomes clear that the vertical septum of the 
lower reptiles cannot possibly effect the completion of the interventricular st^ptum. 
As shall be detailed later, the problem is intimately hound up with the incomplete 
interventricular septum of the lower reptiles. 


pulxtrch 
(nt-aur. sept 
h.aur*-r^ 


iLsyst 


rtauT 
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Tbxt-fio. 6. 


Dissection of the ventricle of Naja naja from the dorsal side, showing the internal 
structure. Note the thickness of the wall of the ventricle and the mesial shift 
of the interventricular septum. 
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The interventricular septum or the horisontal septum is the most important 
com][^nent of the ventricle and exhibits a remarkable constancy of st^cturo* 
position and function in the heart of lower reptiles. It oonsits of two parts^ a 
posterior complete (Text-fig. 7, figs. 1-3) and an anterior moomplete part (Text-fig, 7, 
figs. 6-7). The posterior portion is made up of a loose assemblage of mmKde fibres 
and is recognised by its characteristic oblique position and the presence of the cavum 
pulmonale towards its right. The anterior portion is very clearly differentiated 
because of its smooth endocardial covering and its characteriatio horizontal pomtiom 
It forms the floor of the cavum dorsale towards the right side and its free maigin 
overhangs the cavum pulmonale. In Chelonia, the horizontal septum is rather 
short and is situated diagonally towards the right anterior corner of the ventricle 
(Text-fig. 4). In Lacertilia, it is somewhat longer and more mesial than in Chelonia 
and therefore, the cavum pulmonale which lies towards its right appears to bo more 
extensive (Text- fig. 6). The lengthening of the horizontal septum and its mesial shift 
is further emphasised in the Opliidian ventricle in which the free margin of the hori- 
zontal septum is brought almost in a line with the right auriculo -ventricular aperture 
(Text-fig. 6). This enables the cavum pulmonale to receive almost aU of the 
venous blood as it rushes into the ventricle, thereby minimising the chances of its 
mixing with the arterial blood. 

The free margin of the horizontal septum, particularly at its anterior end, has 
a thick covering of endocardial tissue which is continuous with that of the pocket 
valves of the aortic trunks. 

Regarding the disposition of the openings of the aortic trunks Goodrich (1930) 
very aptly says that '‘the cavum artoriosum loads, antero-dorsalJy, to the septum 
towarcls the opening of the right oaroiico-systemic trunk, while the opening of the 
left systemic trunk is situated almost opposite the free edge of the septum. . . 
The position of the opening into the left systemic trunk varies a little in different 
forms, being nearer the opening of the right trunk in Ophidia, and of the pulmonary 
trunk in Clielonia, but the general disposition of the three openings is remarkably 
constant throughout Reptilia”. The nearne^ of the opening of the left systemic 
trunk to the opening of one or the other of the remaining two aortic trunks has been 
the basis for attempts at dividing the lower reptiles into two groups, with some 
phylogenetic significance attached to such a division (O’Donoghue, 1918; von 
Hofsten, (1941). In reality, the nearness of the opening of the left systemic trunk 
to the opening of either the right systemic or the pulmonary trunk cannot form 
a clue to the actual position of the incomplete interventricular septum. 

In the present study an attempt is made to mobilise all the indirect evidence 
which would establish the true position of the interventricular septum with reference 
to the opening of the aortic tninks. This shows tha^ the interventricular septum 
of lower reptiles lies between the left systemic and pulmonary trunks, m figured 
for the Lepidosaurian type by von Hofsten (1941). 

(1) In dissections of the ventricle in which the dorsal wall has been removed^ 
the openings of both the systemic trunks are seen lying side by side, with a common 
wall between them, dorsal to the free margin of the interventricular septum* Only 
the ventraUy situated opening of the pulmonary trunk is hidden from view. 

(2) There is invariably a confluent space posterior to the openings of the two 
systemic trunks and their pocket valves are zo^e up of the same continuous endo** 
cardial tissue. This fact is clearly seen in transverse sections of all the hearts 
studied {Text-fig. 9-11). 

(3) On .the other hand^ 'transverse sections show clearly that the pulmonarv 
trunk is completely separated from the two systemic trunks by a muscular tvali. 
There is not a si^le instance of such an encroachment of muscular wall beiirem 
the two sytemio trunks, within the limits of the ventricle. It should be noted that 

6 
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Uie mutculftr elemimui that are «e©n between the pulmonary and systemic tranks 
booomo continuous with the free margin of the interventricular septum, posteriorly. 

(4) It is an accepted fact that a part of the bulbus arteriosus of the anamniote 
heart becomes in(!orporated into the reptilian ventricle during the latter’s phy- 
togeny and contributes to its definitive right wall (Orcil, 1903; O’Donoghue, 1912; 
Robertson, 1914 ; Goodrich, 1930). Fur this reason, during the development of the 
reptiles, the posterior cml of the spiral fold or its homologue and the anterior 
eiwl of the interventricular septum meet at the ventral endocardial ridge of the 
aurieuioventricuiar a[H?rture and Iwjcome continuous with each other. As the spiral 
fold Is situatiHl between the arterial and venous channels, it eifecte the complete 
separation of the pulmonary trunk fom the two systemic trunks during the 
development of the reptilian heart (Bremer. 1928; Goodrich, 1930). As the spiral fold 
is continuous with the anterior end of the interventricular septum it can be 
inferrtjd that the real jvwition of the latter is between the pulmonary and the 
systemic trunks. 


(5) Another ciuivineing that the opening of the left sy.stcmic trunk is 

definitely dorsal to the interviuilricular septum is the cartilaginous support. In 
those hearts in which there is a cartilaginous support, it is alwaj's situated at the 
margirk of the intervi^ntricuiar sc[jt(un and extends, to a greater or lesser extent, 
between the ptklmonary and the left systemic trunks. 

Therefore, O’DonHghia^'s contention that the living reptiles can be divided 
into tw(j gron[).s regarding the po.sition of the interventricular septum with reference 
to the opening of tlie aortic trunks is untenable. It should, however, bo pointed 
out that the eonclnsi(»n arrived at in this study refers to the condition seen in the 
living lower reptiles atul not to the course phylogeny might have taken in the 
completion of the inter ventricular sr^ptum. 


A careful comparison of the structure and position of the complete interventri- 
cular septum of the (Toc<Klile with the inoomplote interventricular septum of 
lower reptijos, gives a <4ue to tlio manner in which it may Ivavc become complete. 
The crociHlilian interventricular septum consists <>f two parts, an antero-dorsal and a 
pkjstero-ventral ('fext-fig. 7, fig, 4-, 1‘cxt-fig. 8. fig. 8; Text-fig. 9, fig. 12). The two 
parts are sharply marked oil” from one another in their structure and position 
although, they form a single coatinuous .septum. The postero-ventral portion is very 
thick and muscular and is called j)ars muscularis. It bears a striking resemblance to 
the incomplete interventrit'ular septum of lower reptiles. In transverse sections of 
the ventricle the appearance of the two is exactly the same, both regar-ding the 
bend tekwards the right side and the position of the openings of the aortic trunks. 
Instead of having a free marign, as in lower reptiles, the pars muscularis is continued 
dorwily by the antero-dorsal portion of the interventricular septum, pars endo- 
oardialis. If the pars end<x'artliali8 is removed from the crocodilian ventricle its 
internal structure would bo very similar to that of tins ventricle of a lizard or snake 
In accordance with tlu,s interpretation, the pars ondocardialis and the pars muscularis 
should mtset at an angle along a line which corresponds to the free margin of theinter- 
ventricular septum of lower reptiles. Dissections as well as transverse sections of 
the corcodilian ventricle show that this is precisely the case and the fold formed 
at the junction of the dorsal and ventral portions of the interventricular septum 
18 clear V swn m them. From the above account it becomes evident that the nght 
ventricle of the orocodiUan heart is merely the cavum pulmonale of the lower reptile 
wth parts of the cavum dorsale about the free margin of the interventrioular spetum 
to It. Ihe pars endocardialis of the crocodilian ventricle has no counter-part 
witl^ the ventricle of lower reptiles It is not homologous to the so-ciS^ 
vertiral wptum because the latter is merely one of the numerous ridges present 
the lea side of the ventricle and is very inconstant in structure and position, 
inirtlier, the vertical septum joins the interventricular septum, ventr^ at the 
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of the latter, while the per* endooardialla joina the pars mtucularis along a 
line which corresponds to the tree margin of the incomplete interventricular septom. 
The pars endocardialis is, therefore, a new formation. 

It 18 known that there are four endocardial ridges in the embryonic bulbus of 
reptiles (Text-fig. 10 fig. 16). These are termed the ventral, dorsal, left and right 
ridges (Bremer, 1928; Goodrich, 1930). Of these, the ventral one is the largest and 
corrosfjonds to the amphibian spiral fold. The fusion across of the ventral 8nd 
dorsal ridges results in the formation of the septum pulmo-aorticum which separates 
the pulmonary arch from the two systemic trunks. The fusion across of the right 
and hift ridges results in the formation of the septum aorticum which separates 
the right and left systemic trunks. The right endocardial ridge is, however, 
rudimentary and hence the pulmonary channel remains a single undivided arch 
in the region of tlie bulbus. As already mentioned, the interventricular septum 
is in (continuity with the ventral endocardial ridge. On analogy, it could be suggested 
that the pars endocardialis is in a line with the left ridge that separates the two 
Hystenne trunks and thus forms its ventricular extension. If such a condition 
is drawn, the diagram bears a striking resemblance to the cross section of a cro- 
codilian ventricle in all details (Text-fig. 10, fig. 16). The dorsal ridge is not 
represented in this hypothetical cros.s section because it restricts itself to the region 
of the bulbus and does not extend into the ventricle in any reptile. The right 
ridge is also not to bo represented because, as already pointed out, it is rudimentary 
even in the region of the bulbus. 

In the formation of the complete interventricular septum, therefore, the 
endocanlial elements play an important part as is normally the case (Robertson, 
1913; Davis, 1027). The thick covering of endocardial tissue at the anterior end 
of the inoomf)Ieto interventricular septum makes this hypothesis probable. Further, 
in (homyda trijuga the anterior end of the interventricular septum gives off a 
small endocardial ridge which passes between the openings of the two systemic 
trunks (Text-fig. 4). This is exactly the position of tho pars endocardialis in the 
crocodilian ventricle. 

It will also bo seen that by such a hypothesis the openings of the three aortic 
trunks are automatically set in the position they occupy in the crocodilian ventricle, 
without involving tho turning and twisting of any structure that is already 
present in the ventricle of living roptile.s. In order to bring the region of the 
auricular ostia in a lino with the two systemic trunks, as seen in the crocodilian 
heart, one other change is necessary in the ventricle of a lower reptile. The inter- 
ventricular septum with the openings of the aortic trunks at its anterior end should 
move towards the middle of tho ventricle at a plane ventral to that of the auriculo- 
ventricular apertures. It has already been pointed out that suejh a shift is seen, 
to a slight degree, in tho lacertilian and, to a marked degree, in the ophidian 
ventricles. This suggests the w'ay by which a mesial shift of the interventricular 
septum may have taken place in the evolution of the crocodilian condition and 
to that extent the mesial shift recorded in the lacertilian and ophidian hearts is 
a proof to the hypothesis that has been put forth. 

Another proof for the hypothesis comes from a developmental anomaly found 
in tho heart of a crocodile embryo. Transverse sections of the heart of this embryo 
crocodile, which was fully developed and measured 10 cms., showed that the inter-- 
ventrioular septum is incomplete anteriorly (Text-fig. 10, figs. 13-16). About the 
level of the mesial valve of the left systemic trunk, the pars endocardialis is found 
to be dissociated from the pars musoularis, just where they meet at an angle. Anterior 
to this point, the pars endocardialis is seen to gradnaUy dwin^e away from tho 
pars musoularis and finally disapp^r altogether. That this is not an artefact is 
evident by tho fact that after its dissociation finm pars muscularia, the pars endo- 
oardialis could be followed up serially in a number <rf sections, each section showing 
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it slightly shorter than it is in the previous one, till it completely disappears in 
the anterior sections. This anomaly points out to the fundamental duality of the 
crocodilian interventricular septum, a now endocardia] septum becoming associated, 
in the course of phylongey, with a {^rs muscularis already existing in the ventricle 
of lower reptiles in the form of an incomplete interventricular septum. 

Summary 

The present study, based on the hearts of 29 species of reptiles, has brought 
to light the following facts concerning the structure of the reptilian heart, 

1. The shape of the heart bears a direct relation to the external form of the 
body. In forms in which the shape of the body is in any w^ay modified, the sba{)e 
of the heart is also seen to be altered. 

2. An auricular diverticulum is commonly seen in the hearts of lizards. It is 
usually borne on the autero-mesial aspect of the right auricle. 

3. The junction of the left precaval vein with the sinus vonosus is constricted 
in some lizards and most snakes. The presence of such a constriction is associated 
with a well developed sinus septum within the sinus venosus. 

4. The sinu-auricular aperture is elliptical and placed obliquely transverse. 
It is bound by well developed cephalic and caudal valves. 

5. The ventricular wall is particularly thick towards the left aide and is beset 
with numerous vertical ridges and spacious crevices. These crevices trap the 
arterial blood as it enters the ventricle and hold it till the main current of venous 
blood reaches the cavum pulmonale. 

6. The vertical septum which is supposed to divide the cavum dorsale into 
right and left halves is found to be inconstant in structure and position. It is 
merely one of the many vertical ridges found in the wall of the ventricle towards 
the left side. It is unlikely that it plays any significant role in the completion of 
the interventricular septum. 

7. The incomplete interventricular septum of lower reptiles shows a remarkable 
uniformity of structure. It is complete and vertical posteriorly and incomplete 
and horizontal anteriorly. 

8. It has been found that, in all the lower reptiles, the anterior end of the 
incomplete interventricular septum lies between the pulmonary and systemic trunks 
and the division of the lower reptiles into two groups on the basis of the position 
of the interventricular septum is, therefore, untenable. 

9. Hearts of Chelonia, Lacertilia and Ophidia form a progressive series showing 
a gradual increase in the thickness of the ventricular wall towards the left side 
and a shifting of the interventricular septum towards the middle of the ventricle, 
indicating the line of evolution the ancestors of the crocodiles may have adopted 
to effect the complete division of their ventricle. 

10. Pars muscularis of the crocodilian interventricular septum is homologous 
with the incomplete interventricular septum of lower reptiles. Pars endocardialia 
is a new formation without any corresponding structure within the ventricle of 
living lower reptiles. It is, presumably, an elaboration of the endocardial covering 
of the free marign of the incomplete interventricular septum, in a line with the 
left endocardial ridge of the embryonic bulbus. 
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List oy Abbrbviations 


nur. vtnt. enl ■ aiirioulo-vontriculftr valv«. 

can : 

cau4. mi ciiu<ial valvo of tho Binu-auricular aporturo, 
cav, dor : cavurn dorsalo. 
cav, ptd : caviiin pulmonalo. 

ceph. rim : cof)IuiHo of tho «in.u -auricular aporture. 

rcph, val : < oplmlic valvo of the einu auricular aperture. 

com. car ; coiuinon carotid trunk. 

divert : divorticulurn. 

dr : dor»*il endocardial ridj<o. 

for. pan : foramen ^»f Pani//Aa. 

gnh» c<yrd : g^ul>erna<;uluni con lie. 

ifht. aur. fin int<’rauricular fi»«uro. 

int. aur. acpt : iiikiraurioular eoptum. 

int. vent, t^ept : interv'cntricular eoptum. 

Ir : left endocardial ridge 

Uit. ml : lateral valvo of tho auriculo-vontrieular aperture. 

U, aur : left auri<’Io 

It. aur, vent, ape.rt ; left auricula -ventricular aperture 
It. car : left carotid artery. 

It, ml. : left mesial v^alvo of the auriculo. ventricular a|>ertur©. 

It. ‘^arcav h)ft procavel vf>in. 

It. pul. V : left pulmonary v(un. 

It. $yM : loft ftystomic tr\ink. 

It, Af/W. ml: valvt) of the loft «yfltomic tnuik. 

U, vent : loft v<»ntriclo. 

mes, vul ' meaitil valvo of tho auriculo -v'ontricular ajwturo. 
rmui, rid(p : numcular ridge. 

opij. It, : opening of the loft ayntomic trunk. 
opg, put. arch : opening of the pulmonary arch. 
opg, rt. ayH : op('ning of the right flyatemic trunk. 

/MiM. ctid : parH oiKlocardialiH. 

pant. : par« muHcularis. 

poncav : postcaval vein, 

pttl. arcfi : pulmonary arch. 

jml. arch, val : valvt' of tlio pulmonary arch. 

pul. art : pulmonary artery. 

pul. V : pulmonary vein. 

rt. aur ; right auri(do. 

rt. aur. rent, apert : right auriculo-ventrioular aperture. 

rt. aur, vent, tutl : righr auriculo -ventricular valve. 

rt. car : right carotid artery. 

rt. prccav. rigid juocaval vein. 

rt, pul. V : right ptilmonary vein. 

rr, : right endo(»anlial ridg<'. 

n, ityst : right systemic trunk. 

rt, ftysi. val : valve of tho right systemic trunk. 

rt, vent : right ventricle. 

MH. aur, apert : sinii-auricular aperture. 
jfin. aur, ml : sinu-auricular valvo. 
ein. «cpt : sinus soptiini. 

Am, tr7t : sinus venosus. 

vent : vontriolo. 

rr : ventral endocardial ridge. 

I’std. mJ, pul. arch : venttal valvo of the puimonar arch. 
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List of RBpmiBS Studiid 


Chelonia 


Lacortilia 


Ophidia 


I* 0^<miyda irijuga, Schweigger (Kmydida©). 

2. TesUido eUgam^ 8choop^ (Teatudinidao)« 

3. lAsstmy^ puncUda^ Boiiat>orra (Trionyohidaft^)* 

4. Hemidnctylii^ le^sdwtiauUi, Dum and Bihr (Gokkomdao), 

5. Teratolepis fn^iaia, Blyth (Ookkonidoo), 

6. Calotes versicolor, Daudiix (Agoniidoo). 

7. Chanuieleon zeyUtniciis, Laurent i (Clxaniaoleonidae). 

8. Mabuya carinaM, Schneider (Scincidat^). 

9. Riopa gxiefUheri, Peters (Scincidoo). 

10. Barlaidia inmlaris, Annandalo (Scincidao). 

11. Ophisops beddwmi, Jordon (J^acortidao). 

12. Varanua monitor, Linn (Varanidae). 

13. Typhlopa acutua, Dum and Bibr (Typhlopidao). 

14. Typhlops braminus, Daudiii (Ty|>hlopidmO. 

15. Uropeltis phipsoni, Maaon (UrofKdtida^O* 

16. Pydion molunia, Liim. (Boidao). 

17. Eryx johni, RuhsoI (BoidafO. 

18. Acrochordns granuUitus, Sehnoidor (Cohibridao), 

19. Oligodon UienioUittis, Jordon (Colubridfio). 

20. Ly codon stria tus, Shaw (Coliibridae). 

21. Dryocalamtis nympha, Daudin (Colubridao), 

22. Balanophis ceyloiiensis, Gunflxor (Colubrid*io). 

23. MacropisUiodon ])lumbicolor, Cantor (Coluljridoo). 

24. Boiga trigonala, Sehnoidor (Colubridao). 

25. Drijophis ptdverulentus, Diiiu anti Bibr ((.'olubridoo). 

26. Naja naja, Linn. (Klapidao). 

27. Vipera russelli^ Shaw (Viporidoo). 

28. Trimeresums grarnineuSf Shaw (Viporida^O- 

29. 


Crooodilia 


Cfocodilus pedustrist Leeson (Crocodilidao). 
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Abstract 

Tlie article deals with tlio effect of feeding tliyroaotivo materials on the reaction time 
and semen charac*tensti<s of goats and Iniffaloos during the part of the year when the soman 
quality of these two speries of faun annuals is relatively poor. In goats it has found 
that ftMuling of thyroprotiun (Piotainone) at a h^vol of J gin. /annual /day, over a ]LM»rio<i of 8 months 
(May to August) had no significant toffee t on the reaction time, initial motility of spermatosoa, 
total nunihor of spermatozoa per ejaculate, methylene blue reduction time of stimen and iwrcont- 
age of abnormal spormato/oa A highly significant decrease in fu>men volume was observed 
duo to the adniinistration of tho ding. Spenn concentration per unit \olume of semon iucroased 
duo to tlio fcMidmg of tho drug \uth concomitant dc'creoso m initial fructose content of semen 
and incrcaso m tho rate of fiuctolysis by hpermato'/oa. 

In buffalo hulls, it has bc*on ohwTved that feeding of sodium-h-thyroxino at a rate of 
100 mg. /animal /day for a jieiiod of 14 wocdcs (August to November) did not have any offoct 
on reaction time and spcim concent i at ion. The ailministration of the drug, however, decreased 
the scMiicn \ohimo, initial fructose contemt of semen and the percentage of abnormal s^iormaiozoa 
and inei eased the initial motility of Hjioimatozoa and fiuctolysis index. The eToct of tlio drug 
on the stMuinal chaiRct(‘iiHti(8, except the fimtolysis indc'x, continued during the observed period 
of 13 weeks after tlio administration of the diiig was stepped. 

Thyroid gland plays a significant role on fertility of animals including the 
farm animals, though opinion on the nature and pathways of action of the thyroid 
hormones on reproduction varies. A number of investigators hold the view that 
tho thyroid has no direct influence on reproduction. Any reproductive disturbance 
in the male or female in hypo or hyperthyroidism is primarily duo to changed 
metabolic status (Moore, 1939, Anderson, 1948), changed nervous irritability 
(Lerman, 1942), general growth disturbance (Schneider, 1939) or to the complex 
interrelations between the endocrine system and body metabolism as a whole 
(Cameron, 1945) rather than to specific endocrine imbalance. 

Thyroidectomy in the bull resulting in complete clinical myxoedema leads to 
a complete disappearance of libido and loss of interest in the estrual female (Peterson 
et al. 1941). Spermatogenesis is not inhibited, for ejaculates from such bull obtained 
by massage of the ampulla are normal in sperm activity, morphology, longevity 
and fertilizing ability. These investigators also brought about a complete resto- 
ration of normal libido and sexual behaviour in bull by tho administration of the 
throid or testosterone jiropionatc. A metabolic stimulant dinitrophenol produces 
similar effect as do dessicated thyroid or methyl testosterone (Petersen et uL 1941). 
This suggests that the effect is largely one of lowered general metabolism rather 
than a specific endocrine one. Reineke (1946) found definite improvement in 
ten out of fourteen aged bulls (average age 8 years). Definite evidence of improve- 
ment of the conception record was obtained in only four cases. The results of 
this experiment further support the above contention, for it is well established that 
metabolsim declines with advancing age (Brody, 1946). Schultze and Davis 
(1946) observed increased conception rate, higher sperm motility and greater 
resistance of spermatozoa to low temperature (4®). storage in five out of seven 
iodinated casein fed bulls. The proportion of abnormal sperm did not change. 
The improved conception rate remained during the post treatment period. 

♦ In this paper invostigations conducted by different workers at the I.V.BJ. are presented- 
The names of tho investigators havo horn indicated with each experiment. 

t Read at the Symposium on “Thyro^gonad-odrenol pituitary relationships^* held 
,n New Delhi on October 2-4, 1969. 
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SahSwal buIlH are very slow at service and Zebu bulls in Kenyaa little better 
(Anderson Thyroid therapy has been successfully applied by Anderson 

n94t/>Hn slug^^ish buJlH. 

E.v{X‘riineuts with lal)oratory animals indicate that the retardation in sexual 
function that is ob.s<^rve<l following thyroidectomy is due at least in part to a 
decline in tin* gonadotrophic hormones of the hypophysis. Reduced and increased 
rchfMumc to gonadotrophic hormone in female mice by feeding thiouracil and 
levels of io<Iinated casein resjKjetively (Meites and Chandrashekhar 1948) 
in(li<>ite a furtluT thyroid- piluitary-gonadal relationship. The directly opposite 
results obtained in rats undoubte<Jly point to ditferent honnone balances in the 
two Hp(*( it^rt. Iboa.MsayH of the pituitary gland of thyroidectomized goats (Reineke 
et lOtl), and rabbits (f^hu I94t) showed a marked decrease in gonadotrophic 
hormone c'ontent when compiired with assiiys of normal control glands. 

Thyroid hormone (Thyroxine) also exerts direct inHuence on the metabolism 
of bovine semen (Schultze and Davis, 1917, 1918). Thyroxine added to bull 
semen in a critical concentration range brought about an increase in oxygen uptake 
of wvmples with sfKTm concentration above 8 millions per ml. But semen samples 
of lower (*onc(‘nt ration were not alfected. These workers also reported increased 
concept ic»n rate by direct addition of tliyroxine in bovine semen. 

Fierliner and VVarbritton (HK17) noted that thyroidectomy in ranis resulted 
in a rc'duction in spc*rm number and an increase in the percentage* cd' abnormal 
spermatozoa, edematous tests, decrease in the interstitial tissues, sloughing and 
pycnofie s(*minifcr()UH tubulc^s. 'Fho fall in sp(*rm production was restored by 
thyroxine injc»etion. Houart and MaycT (194f)) ol)S(*rve(l a marked reduction in 
sperm number and decline' in motility and an increase in the proportion of abnormal 
sperm in thiouracil hsl hypotliyroid rams. Though no specific observation on 
libido w'as ma(h^ during collection of semen in artificial vagina, sex interest appeared 
to he impaired during the experiment period of 40-50 days. The thiouracial effect 
was reversed by feeding icKlinated casein. Turner et aL (1945) found that a Toggen- 
hurg buck which showed a definite lack of interest in oestrous does, displayed 
sexual interest after the feeding of 1 g. thyroprotein per day. 

It appears probable from the results of various investigators that the thyroid 
exerts its intluemM* on ro[)roduction by way of one or more of several mechanisms 
(Reineke li)4t)), 

(1) by the geneal ealorigonic effect on all cells, including those of the endocrine 
system, 

(2) hy a sp(*cific effect on the gonadal cells or 

(5) hy a specific stimulating iutiuence on the pituitary gland. 

1'he thyroid gland also seems to play a significant part in the established 
relationship between seasonal variations in climatic conditions and reproductive 
functions in farm animals (Anderson 1950). The question of the influence of 
thyroid status on male reproduction in farm animals assumed practical importance 
in view of the temporary ‘‘summer infertility'’ of rams during the hot weather 
(McKenzie and Berliner, 1937) which has many common features with hypoth 3 rroid- 
ism. Some of the symptoms of summer infertility excepting low sperm motility 
and low semen volume are alleviated by thyroxine administration. Bogart and 
Mayer (194fi) in confirmation of the earlier findings of Berliner and Warbritton 
(1937) demonstrated that ‘‘hyper thyroidism in the normal ram increased sperm 
production and decreased abnormal sperm during the summer months” (Blaxter 
et aL l(fi9). A season of increased temperature and sunshine is associated with 
inoreastni libido, higher density and motility of sperm, better maintenance of 
useful motility, low'er pH of semen, better fertility in the moderate climate 
of Kenya. (Anderson, 1944a, lft45). During the period July to August when 
munou quality in bulls is relatively poorer, Anderson (1956) could not find any 
improvement of libido which was initially goexi, or of sperm density or of pH change 
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on incubation, but there was a highly significant individua) impix>v6ment of motility 
by th 5 n!^id therapy. But other bulls giving semen of poor motility and high initial 
pH during the adverse period improved in both respects after treatment. Bogart 
and Mayer (1946) postulatod that the effect of season on repnxiuction is due to 
the widely known relation between environmenUil temperature and thyroid hormone 
secretion rate (Mills, 1918, Dempsey and Astwood, 1943) and that the thyroid 
gland is of direct importance in maintaining ram fertility. Summer infertility 
may also be due to the well known deleterious effect of high scrotal temperature 
on spermotogenesis (Glover 1956) or to a lowered metabolism of the rams in the 
summer when food intake goes down or to a combined effect of both. Warwick 
et ah (1948) reported that rams which tolerattxl the dosage of thvToprt)tein during 
summer pnxiuoed semen either e<iual in quality or slightly better than that from 
control group. But Eaton ei ah (1048) could not find any such improvement in 
ram's semen during summer by administering a higher dose of thyroprtdein 
(l~2g.).. 

The present study on tlie effect of thyroid sub.staneo on reproduction in male 
goats and buffalo bulla during the hot weather was necessitated by the al:)sence 
of any information on the influence of thyroid therapy on male reproduction in 
Indian farm animals during the season of increased temperat ure, humidity and 
rainfall. During this season the semen quality of rams and goats (Shukla and 
Bhattacharya, 1952 a and h), of buffalo bulls (Kushwaha, Mukherjee and Bhatta- 
charya, 1955) and the quality of semen and blood in bulls (Mukherjee* and Bhatta- 
eharya, 1952 a and h) were adversely atfeeted. The adverse effect of season on 
semen seems to be as.sociated with decreased aetivitie.s of the thyroid and testes in 
buffalo bulls (Bhatnagar, Mukherjee and Bhattacharya. 1955) and in rams and goats 
(Mukherjee, Joshi and Bhattacharya, 1959). 

Experiment on goats 

T. Effect on Reaction Time and Semen Qicality^ 

Material and Methods 

Fourteen male goats between the age of 1 to 2^ years were used in this experi- 
ment- Prior to the commencement of the experiment the animals wore trained 
to give collection in an artificial vagina. The goats were distributed in four groups 
of seven each as evenly as possible on the basis of the following characteristics 
which were selected for judging semen quality. Throughout the experimental 
period the animals were kept under uniform dietary and managerial regime. 

The animals of the treatment group were fed 1 gm. of thyroproteiu (IVotamone) 
per animal per day from the middle of May to middle of August. Semen was 
collected from each animal twice weekly by the same person and using the same 
anoestrous goat during the same hours of the day and was examined for 

(1) Volume 

(2) Initial motility 

(3) Sperm concentration per c.c. 

(4) Total number of spermatozoa per ejaculate 

(5) Percentage of abnormal spermatozoa 

Reaction time was also recorded to estimate the libido or sex vigour by noting 
the time interval between the release of the goat near the she goat and the actual 
moment of ejaculation. During the treatment period all the above mentioned 
characteristics of semen were studied simultaneously. Initial motility was scored 


1 BxperiiUdfiters : D. P. Uukherjee^ A. Boy and P» Bhailaohaiya. 
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in terms of the criteria recommended by Erb et al. (1942). Sperm concentration 
was, determined by haemocytometer method. Percentage of abnormal sperm 
was determined according to the method adopted by Mukherjee and Bhattacharya 
(1952a). 

Table 1 shows the average reaction time and the average of the semen 
characteristics of the two groups, together with the results of statistical analysis 
of data regarding these characteristics during the entire experimental period. 

It will 1)0 seen from the table that during the pro-treatment period, the two 
groups were almost identical in respect of the characteristics studied, except in 
the percentage of abnormal spermatozoa. The difference in the average percentage 
of abnr>rmal sijormatozoa between the two groups was found to be highly significant; 
the average in tlie ex[K*rimental group being liigher than in the control group. 

During the treatment periixl, highly significant differences in volume of semen, 
sj)erm eoneentration and percentage of abnormal spermatozoa were found in the 
two groups. The differences in average reaction time and other attributes of 
semen as found between the two groups during the experimental period, were due 
to chance variation. The semen volume in the experimental group showed a 
highly significant dc^cn^asi^ against that in the control group, but it showed a highly 
significant increase in sperm concentration. The difference in the percentage of 
abnormal spermatozoa remained highly significant during the treatment period, 
as it was during the pre-treatment period, the percentage in the experimental group 
was higher than in the control group. It seems, therefore, that the dosage of 
thyrojiroteiti administered to animals had an adverse effect on semen volume. 
It undoubtedly incr(*as(Hi the sperm eoneentration per ml. of semen, but failed to 
reduce the percentage of abnormal spermatozoa. 

Discussion 


S(mni Volvmv 

The dosage of thyroprotein administered to the animals in the experiment 
was found to exert deleterious effect on semen volume wldeh did not change 
during the pre and post treatment period. McKenize and Berliner (1937) observed 
(hat low semen volume which is a characteristic of hypothyroidism during summer 
infertility is not increased by thyroxine administration in such infertile rams. 
They could not find any redaction in volume due to thyroxine administration as 
in our experiment. Bogart and Mayor (1910) giving a dosage level of 1 gm. 
of tliyroprotein and Black ct a!, (105()) did not report any adverse effect on semen 
volume of rams treated with thyroprotein. On the contrary, Eaton et al. (1948) 
observed increased semen volume in Shropshire and Hampshire rams fed 2 g. of 
thyroprotein per animal per day. They however, did not obtain the same result 
when the dose was reduced to I g. 

Total sperm per ejaculate : 

A consequential effect of such reduction in volume was that the total number 
of spermatozoa failed to show any significant difference between the two groups 
though there was a higlily significant increase in sperm concentration per 
unit voluino of semen of the treated group. Thus the present investigation shows 
that thyroprotein feeding has little effect on spermatogenesis which remained 
unaffected dmring tlxe pre-treatment and treatment period. 

Abnormal Spermatozoa : 

The percentage of abnormal spermatozoa was not affected by feeding thyro- 
protein in this experiment. The present finding in this respect is not in agreement 



Table I 

Average 0/ reaction time and sernen qualities of canirol and experimental groups of goats 
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either with that of Bogart and Mayer (1946) who found considerable decrease 
in abnormal sijermatozoa by feeding th 3 rroprotein for 30 days during summer at 
the same dosage level, or with that of _ Berliner and Warbritton (1937). The 
later group of investigatorB reported that two intact and one thyroidectomized 
Hampshire rams with a high proportion of abnormal forms returned to normal 
after the administration of two doses (2 mg.) of thyroxine injection in August. In 
contrast to these results Eaton et cU, (1948) observed increased percentage of 
abnormal sperm after feeding thyroprotein to ram for 15 weeks. In the present 
ex|S 3 rimcnt, some of the animals of the experimental group after 4 weeks of Prota- 
rnoric fce<ling produced semen containing up to 30 to 40 per cent beaded spermatozoa. 
They were included as abnormal sfK5rm although such spermatozoa have been 
identified by Mukherjoe and Bhattacharya (1949) as immature sperm. The increase 
in the percentage of beaderl spermatozoa in some of the animals and their inclusion 
as abnormal sperm in the computation of results might have masked the beneficial 
eiTeci of thyroj»rotein feeding on other true abnormalities. But in a study, from 
the point of view of semen utility, the beaded spermatozoa cannot be excluded 
from the computation of results because they, like the other abnormalities, reduce 
the fertilising cafwieity of semen. 

Reaction time : 

Sex vigour or libido as judged by reaction time does not appear to be adversely 
alTeetiHi l)y eon<litions created by external factors such as high air temperature, 
relative liurnidity and rainfall under the conditions of the experiment. Therefore, 
adniinistration of tliyroproteia has little influence on sexual activity. There is 
practically no data on sluM^f) and goat to compare this effect of thyroprotein on 
libido of goats in summer. 

fniiial motllitj/ : 

Tliyroprotcin feeding did not influence initial motility and this finding is 
in agre(*moiU with that of Almied (1055) who could not find any marked change in 
the motility of spermatozoa of ram’s semen. Warwick et at. (1948) found that 
semen from rams receiving 0.5 g. of thyroprotein had higher initial motility. 

11, Effect on , sperm JiutriejU and it^^ utilization} 

Apart from actual fertility tests, no one method is sufficient to assess the 
fertilizing capacity of semen. According to some investigators the rate of consump- 
tion of fructose, the only glyoolisablo sugar in semen has a positive correlation 
with fertility (Gassener. Hill, and Hultzbuerger, 1952). Further the semen samples 
with p(K)r fertility records wore eharacteri.sed by a low fructose content (Mann 1954). 
Besides these, ,tlie rate of friictolysis appears to be one of the best methods for 
assessing not only sperm activity but density as well (Rothschild 1949). 

Material and Methods 

Studies were conducted on semen made available from the investigations 
reported in expt^riment I. In this experiment initial fructose content (IFC), the 
rate of friictolysis and methylene blue reduction time (MBRT) of semen were 
deU'rmined according to the methods described by Roy et al, (1950). 

Resttlts 

The averages of these seminal attributes, e.g. the initial fructose content (IPC) 
rate of friictolysis and MBRT, together with the recults of statistical analysis during 


I Experimentera : A. Boy, D. P. Mukherjee, 8. N. Luktuke and P. Bhattacharya. 
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the entire experimental period are presented in Table 11. The IFC, rate of fructolysis 
and MBRT, along with sperm concentration are shown in Table IH. 


TaBI.15 II 

Sutnmartf of mthtical armliffn\s of ((veroffc I FC\ rui*' of fmHoh^Nis uml MBHT of 

^f 9onf>'< 


Control Exporiiuonlttl DilYiMviivo t- 

group group liot wt^on tht' viiluo 

two IllOiiUK 


IFC (lug./lOO ml. of somon) 

94r).35^-.'',0.40 

".^>4 . 83 -1 

61.20 

MU 1.52 

2 42** 

FriictolyaiB (mg.; 100 ml. of 
soman) 

41.341 


3.!(;> 

10.36 

2.13^ 

MBRT (minutt>s) 

34.77 i 1.75 

.31 .731 

t.iKt 

3.04 

1.16 


♦♦Significant at two par cent lovol. 
♦Significant at 5 per cent level. 


'Fable III 

Different ratmes of eperm concentration ami their IFV, fructolymn and MBHT 


Kange of sperm Number of 
concentration observations 
(in millions/ml.) 


Mean of 
Hperm con- 
centration 


Mean of I FC 
(Mg./ 100 ml. 
of Homen) 


Meaix of 
fructolysis 

(Mg ./ 100 ml 
of Bomen) 




of 

MBRT 

(Minutes) 


0-~2090 

4.7 

2544.29 

1 61.39 

1294.66 

[43.87 

23.57 
,1 J-64 

45.53 
1 2.56 

3000—3990 

86 

3497 . 23 
133.73 

1179. 15 
140.72 

32 . 59 
j 1.95 

41.55 
1 2.18 

4000 — 1999 

72 

4490.72 

121.51 

1064.27 

±50.28 

34. 13 

1 2.27 

3:142 
. 1.05 

5000—5999 

39 

5407 . 07 

1 86 . 65 

760.95 

1:63.59 

53.28 

L ‘^•52 

28.79 
i, 3.19 

6000—7999 

34 

6789.82 

187.70 

371.29 

146.60 

86.76 
-i 4.01 

13.24 
1 1.59 

S(K>0 and above 

13 

9725.61 

1400.28 

175.61 

130.40 

100.00 

1 9<W1 

9.3'7 

1 1.50 


It may be seen from the tables that when the averages tor the whole ei^p^- 
mental period were taken into account, the initial fructose content and the rate 
of fructolysis of the two groups differed as in the ease of sperm eoneentratkm. In 
the treat^ group there Was h significant decrease in the intial fructose ooniteBt 
while there was a significant, increase in the rate of fructolysis. The difference 
in the methylene blue reduction time of the two groups was not significant even 
when the average for the whole experimental period was considmed, 

'8 . 
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It Will he rvidont from the tables that with the increase in the sperm concentra- 
tiiiii jMn' unit volume {i) the initial fructose content per 100 c.c. decreased, and 
(ii) the rate of fruetolysis showed a concomitant rise and (Hi) the time required 
tu reduce methylene blue became Jess. Correlation coeflicients between sperm 
comxmtratioa and the above three semen characteristic's are given below : 

Correlation between sperm concentration per unit volume of semen and 

(i) IFC JK.T 100 c.c. semen 0.968 

ili) MHRT 0.958 

(Hi) Rate of fructolysis f 0.958 

Tfiesc correlations are highly significant. 

From Table IV^ it can ho seen (that with tlie increase in initial motility there 
was (i) an increase* in sperm concentration and in the rate of fructolysis and (ii) a 
(ItMJreaso in the initial fructose conU^nt and in the MBRT of semen and that the 
largest number of Henu^n sample.s showed an initial motility of f ; f. The 
difference in sperm concentration and MBRT between f- + (- and [- 4- r + samples 
while signiUeant at 2 per cent level but llie difference in the IFC and rate of 
friu^tolysiH were significant cmly at live {ht cent level. Differences between samples 
with i f f I and i ; i i initial motility were highly significant in all the 
four characteristic's. 


DJScirssiON 

[u an attempt to put the relation of sperm concentration to the degree of 
fructolysis on a quantitative basis it was found that the ranges of sperm concentra- 
tion and fructolysis signiticantly correlated. The correlation between IFC 

and S{HTn\ coiuauitration was also found to be significant. This higher correlation 
coefticient, therefore, indicated that for the estimation of s{>erm concentration a 
high accuracy existed in the measurement of IFC and fructolysis. This was found 
to be so, not only in goats but also in rams and buffalo (Roy el al. 1950). 

The present tinding that semen samples with higher sj)crm concentration and 
initial motility reduce methylene blue much faster than those with lower sperm 
(‘oneentratioii and initial motility, confirms that of Van Demark et al. (1945) in 
hull semen. 

Warwick et al. (1948) found tliat semen obtained from rams receiving 0.5 g. of 
thyroprotein, had higher initial motility and reduced methylene blue faster than 
samples ol)tained from either the control group or tlie group receiving 1:5 of thyro- 
protein. Th(» results obtained in the present experiment show that the average 
MBRT of the e\p(*rimeiiial group did not differ significantly from that of the control 
group. This is due po.ssibly to the fact that MBRT like initial motility of sper- 
matozoa is not a precise method of appraising semen quality and can only be used 
for difTerentiating semen samples of widely var>ing qualities. When the variation 
is small, the evaluation of quality even within I'easonable limits by the use of 
this method in our exj>erience is a difficult task indeed. 

, Exfkkiment on Buffalo bulls ^ 


Material aiKi Methods 

Twelve buffalo bulls varying in weights from 600 to 800 lbs. and kept under 
unilorm dietary and mauagetuent regime during *the entire experimental period 
were used for the experiment. Before the experiment started the animals were 


1 Experitnentor : 8. H. Ooswami from thesis for Ph.D. 
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trained to mount an anoestrous cow and to ejactilaie Homon in artificial vagina. 
The experimental period consisting of pre-treatment — Ifi weeks, treatment — 14 
weeks and post- treatment — 13 weeks, extendotl from the fourth week of June 
to first week of February. The seminal characteristics studied were : 

(1) Volume 

(2) Initial motility of spermatozoa 

(3) Total spermatozoa per ejaculate 

(4) Percentage of abnormal spermatozoa 

(5) Initial fructose content and 

(6) Fructolysis index. 

Besides these reaction time was also studitnl. 

Two successive ejaculates were collected from (^ach animal once every week. 
The animals were allotted at random to two groups of six t^ach; one as control 
(c) and the other thyroxine treated (TH). Each of the animals of the tr(»ated group 
was administered orally 10 mg. of sodium — L — Thyroxine (GlaxoLab.) per day. 

Methods used to study different semen characters etc. were the same as those 
used for the goat semen. 


Results and discussions 


Reaction time : 

The results of the statistical analysis of data (not inchided because of limited 
space) revealed that the administi-ation of thyroxine did not influence reaction 
time. This is in agreement with the results of thyroprotein feeding in goats. 
Turner e.t al. (I94:i) "found that a 'I'oggcnburg buck, which showed a definite lack 
of interest in tjcstrous doe.s, displayed sexual interest alter t.he feeding of one gram 
of thyroprotein per day. Anderson (lOofi) reported that during the jajriod June 
to August (in Kenya) when semen quality is relatively poorer in bulls, thyroid 
therapy had no effect on libido, which was initially good. Definite improvement 
in libido of bulls with some indications of imrj)oved fertility wore observed on a 
dosage of approximately 0.5 to 1 .0 g'. of thyroprotein daily per 100 lbs. of body 
weight (Reineke 1940). At these levels no losses in condition or other deleterioiis 
symptoins were observed. It seems that the lack of sexual urge in males born 
with hypothyroid condition may be remedied by the administration of relatively 
less amount of thyroprotein. But the hypothyroid condition created in males by 
external factors, such as high air temperature, high relative humidity and high 
rainfall, does not reduce the sexual behaviour of the animal. The bovine may tolerate 
a considerably larger dosage of thyroprotein than was emphjyed in Reineke s series. 
These animals absorb thyroxine from the digestive tract very inefficiently. Reineke 
ct al. (1944) have established that it required from approximately 0.5 to 2.g of 
thyroprotein per 100 lbs. body weight to produce thyroidal effects in cattle. 

Semen volume : 

Oral administration of thyroxine decreased significantly the volume of ^men 
in buffalo bulls and the adverse effect continued long after the administration of 
the drug w'as stopped. This confirms the result obtained in thyroprotein fed goats. 
It seems that prolonged administration of th3nroid substance during sunsmer 
in this part of the country has some deliterious effect on the semen volume in both 
goats and buffaloes. 

Initial Motility : 

Administration of thyroxine significantly increased the initial motiUty of 
spermatozoa only during the post-treatment period. Thyro^woteui feeding in 
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also had no wiiLouficant effect on initial motility. Ahmed (1955) also could 
not find any marked change in the motility of spermatozoa of rams treated with 
ihyroprotcin. 

'I'lic j)reHc*nt work on goats and buffaloes and reports on rams indicate that 
in all tho three species administration of thyro-active material has no significant 
influencr^ on sperm motility. However, thyroid -therapy in bulls in the summer 
hrouglit about a higlily significant improvement in motility. But other bulls with 
poor motility and high initial pH improved in both respects (Anderson 1956). 

7'otaf nawhcr of spermatozoa : 

'fotal number of spermatozoa which was estimated on the basis of sperm 
(’onciuitration per unit volume and volume of semen was not offecttHl by the adminis- 
tration of thyroxine. The result is similar to that in goats. Anderson also did 
not observe any effoci of thyroproteiri administration on sperm density in bulls. 
Keinoke (I94t)) reportiMl that there are also indications that at^leasi in some cases 
tlwvi) may he an improvement in spermatogenesis. 

PerrerU^iffe of Abnormal spermatozoa : 

There w^as a significant reduction in tlie percentage of abnormal spermatozoa 
in thyroxine-fed animals. Thin observation agress with those in rams (Berliner 
and Warbrittou 19.47, and llogart and Mayer, 1946), but contrary to those reported 
by Eaton ef. a.l. ( 1948) who found increase in the percentage of abnormal speTinatozoa 
in rams fed with thyroprotcin. There w'as also no signiticcant effect of thyroproteiri 
on the abnormal spr^m of goats. 

Initial fructose content : 

The administration of thyroxine to buffalo bulls resulted in low er initial fructose 
contrnit and tlie finding is in confirmity with results in thyroxine fed goats. 

Fr net oh/sis Index : 

Fructolysis index of buffalo semen in thyroxine treat(‘d grouj) was significantly 
inci’casf'd and tlu^ result is in agreement with those reported here in goats. 

In conclusion wo may suggest that treatment with thyroid material is not 
advisahlo for all sterility or infertility problems in males. Before applying thyroid 
therafiy t<» sm h animals it may be nccessarv to select individuals deficient in thyroid 
funetion fi)r o])tainiug satisfactmy response to such treatment. 

Moreover tlivroid theiapy necessitates thorough investigations into the degree 
of hypothyroid condition in different species and breeds of livestock in different 
gO(^graphieal regions of the globe so widely varying in climatic conditions even in 
the same season. 


Conclusions 


Experiments on male goats : 

Tliyroprotein (Protauione) feeding at a level of 1 gm. per day per animal to 
male goats over a period of three months (fixim the middle of May to the middle 
of August) had no significant effect on the reaction time, initial motility and total 
number of spermatozoa per ejaculate and percentage of abnormal spermatozoa. 
A highly significant decrease in semen volume w^as observed due to the administra- 
tion of the drug withta concomitant increase in sperm* concentration. Thyroprotein 
feeding had no significant effect on methylene blue reduction time of semen. Initial 
fructose content in semen decreased and the rate of fructolysis increased signi- 
ficantly under the influence of the drug. 
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Highly significant negative correlation coefficients were found between sperm 
concentration, initial fructose and methylene blue reduction time. There was 
highly signiticant positive correlation coefficient between spcTni concentration and 
rate of fructolysis of semen. 

Experiments on buffalo bulls : 

Oral administration of lUO mg. of sodium-L-thyroxine (Glaxo, Lab.) per day 
to each of the six experimental buffaloes during a j-Wriod of M weeks (August to 
early November) did not influence the sex libido (reaction time) of the animals. 
The initial motility of the spermatozoa was significantly improved during the treat- 
ment period. The improved motility was maintaineil during the post-treatment 
period. The administration of L-thyroxine had an adverse effect on tlu' semen 
volume and the effect continued during the post-treatment period of thirteen weeks. 
The drug did not affect the sperm concentration. The initial fructose content in 
semen was reduced during the treatment period which continued up to the end 
of the post-treatment period. The fructolysis index was increased during the 
treatment period. Percentage of abnormal spermatozoa in the ejaculates was 
reduced during the treatment period and this reductiou eontimied throughout 
the post- treatment period. 
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Abstract 

The paper deals with a study of the mioloar apparatus of Frontorria leuca^ (Holotricha; 
Frontoniidao), in the vegetative condition qs well as during binary fission. The niacjrouucleus 
is found in the centre of the cell, and is ovoid. It is strongly Keulgen positive, and divides 
aniitotically during binary fission. In a certain percentage of case's there is oliniination of 
chromatin from the macronucleus as the two daughter nuclei separaU'. I'liis eliminat-ed chromatin 
gets absorbed in the cytoplasm of either daughter coll. Micronuelei vary in number from five 
to twelve and are found as spherical, strongly Feulgon positive bodic'S around the macronucleus, 
most of them lying very close to it. They divide mitotically and are the first to show visible 
signs of binary fission. Their division is Bynchronotia and is comjiletod before iliat of the 
macronucleus, and the latter completes its division lioforo the cytoplasm, both nuclei attaining 
their vegetative stage just before the daughter cells separate. 


Introditotiok 

Frontonia leucas is a fresh water euciliate belonging to the order Holotricha, 
Sub-order Hymenostomata, family Frontoniidae. It has a single oval macronucleus 
and five to twelve micronuclei. The few studies made on this animal are mainly 
morphological. PopofF (1907, 1908), made some growth studies. Tonnigea (1914) 
and Wetzel (1925) described the trichocyst apparatus. Bullington (1925) studied 
the method and rate of movement of this species together with other ciliates like 
Paramecium, and Euplotes, Hood (1927), worked on the zoochlorellae of the animal. 
Darby (1929) studied the effect of hydrogen-ion concentration on the sequence 
of this form and also of other ciliates like Dileptus and Blepharisma, Holter and 
Doyle (1938) demonstrated the presence of amylase, peptidase and catalase activity 
in protozoa, which included Frontonia, Paramecium and Amoeba. The present 
paper is a study of the nuclear apparatus of Frontonia hums in the vegetative 
condition and during binary fission. 


Material and Methods 

Kahrs work cites sixteen species of Frontonia which include Sigmosiomum 
indicum from India. 

For the pr^ent study, collections were made around Bangalore, from stagnant 
pools. The animals were identified as Frontonia leucas, after the description by 
Kahl (1930). 

A number of media was tried for culturing the animals in the laboratory; the 
one most favourable was found to be hay infusion to which pieces of sterilised 
cabbage leaves were added from time to time. Frontonia in mixed cultures is 
found to feed on other ciliates like Euplotes and Paramecium. They ingest even 
rotifers, and exhibit cannibalism. We have however been able to maintain cultures 
of Frontonia free of other protozoans. They ingest decayed cabbage leaf particles 
also and living specimens as well as fixed ones show green materials in the oytoplawam. 

VOL. 26, B, Xo. 6. 
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pH aU. ha« it^ offiHit on the growth of the culture and a culture bet^en 

six and mvon thrives well. TeraiKjrature and other 

to affect the growth of the culture. During the rainy season, the rate ot '^vision 
is higher. Al.so, divi-sion-H are more comnum during the cooler parts ot the aay 
and night. During isTiiMls of active growth, dividing aniraal-s are noticed throughout 
the day, hut here again the fission rate is higher towards the eveiung. Un the 
whole, *a cool and plea.sant climate seems to favour their growth and division. 



Aiiiinaln iti tho si^ino disli wore noticed to divide synehronuusly. Division 
oceurn unco in three days (luring the maximum grow th phase of a culture; at other 
times it takes from live to six days for a lissiou. 

l^'e|>iirations were made by lixiug the animals in Carnoy s fluid and staining 
with the Keulgen reaKcut. Liglit green was used as couriterstain. 


Ohskrvattons 

Vrontonia U liras is oval in outline and somewhat flattened. The length of 
a well fed animal varies from :h)0// to ootJ/f and breadth varies from 150/^ to 250/^’ 


KxrLANATUiN OF TkXT-FIU. I. 


Pm, 

Fm. 

Fuj. 

Flo. 

Fio. 

Fiu. 

Fio. 

Fi<*. 

Flo. 


All ti^urcM uov caiuom liu ulu .ii awings of Foiilgon ]>ro]uimt ions of FrotUonia leucas. 


— Vogt^nUiN o imimal showing tho nuicroiuicUMis and luicromicloi. 

8howH animal with tho mirronucloi in profihnso. 

Aiuntikl willi sliglUly .'U)nguto<l inm-ronuolous and micronuclei in inctaphaso 

Sli..w« .uacrt.mifIoiia almost in tho wmio stugo a.s in prex iou-s liguro with micronuclei 

in early an ap hast'. 

Animal with mioronueUd in late anaplmse. 

Ma4'ronueleu» Htill iuoin> elongated with mieronnclei in telophase 

M.W'ronu<-lcu8 in the 8»mo stage as in figvtrc 0 with microniueli which Itave already 
fmirthtHl division. ^ 

*“ 8t««o with micronudei after division. 


-l>uinbdK>U sha(>ed tuHcromiciou8 w ith micronuclei in the 

«adS. 


^ame stage as in 6gures 7 
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The maeroniicleuw in oval in outline and is found towards the centre of the cell. 
It hm a length of 45 /i to 65/4 and a breadth of 35/4 to 50/4. It is strongly Feulgen 
posltifo. Micronuclei are small spherical bodies, 2.5// to 3// in diameter and strongly 
Feulgen positive. They are found around the macronucleus, many of them closely 
adhered to it (Fig. 1). 

Growth of animals follows a definite {mttern. The method adopted to study 
the growth is as follows. To reduce? exiK?rimental error, three different jars 
containing Frmitfmia cultures were taken and the study was made on an 
average basis. To start with, there were al)out two animals per c.e in 350 c.c. of 
culture fluid contained in the jar. Animal.s i>er c.c. were counted every alternate 
day, as division, under most favourable conditions, occurs once in three days. This 
was folio wcid for elevrui weeks when the population decreased to a constant phase 
without any further change, unless the eulturc medium was changed. Also, if 
the culture medium is changed from time to time, growth of the animal does not 
show this tyjM? of change fn)m one phases to anotluT. The growth curve show's 
three constant phases, the first two followed by active growth phases. The third 
and the longest constant phase is followed by an a^eckTated death phase. After 
this the |>opulation decreases at a fairly constant rate. This curve is taken in a 
culture at pH between 6 and 6.5. Atmosph(Tj (5 temperature varied from 25T to 
SO'IJ during the exjK?rirnent. 

Bimtij JUnion, Hi nary fis.sion is the UvSual type of reproduction in this 
species. Under favourable < oiuliti<‘i\s, th(‘ animals divide once in three days, but 
starvation and slight changes in f h(‘ culture medium reduce the rate of divison. 

It iakes from 30 to 45 minutes for a normal individual to separate into 
daughter ceils, after the ajipeuranee of the oxtcTnal cytoplasmic constriction. The 
dividing aiiirnals are less a<‘tivo than vegetative ones, and tow'ards the end of 
fission, exhiliit a rotatory movement, one of the daughter cells tw isting about the 
other. 

At the on.set of divi.sion, the micronuclei increase slightly in size and have 
a puffed-up appearance. This is prophase. Many of them move away from 
the macronucleus. The (*veniu\s 8 of staining is lo.st and the mieronuclei stain 
more lightly (Figs. 2 an<l 2 nb). At metaphase, the mieronuelci become slightly 
eiongiitr'd, attaining a spindle shape (Figs. 3 and 20c). The dark staining chromatin 
material i.s seen at the (M|uator of tlu^ spindle. It ha.s however not been possible 
to make a count of the chromosiimes. In a number of animals, a few mieronuclei 
do not take part in division but degenerate. The spindle elongates further and 
the chromatin material separates towards tlie two poles (Figs. 4 and 20d). The 
spindle element remains as a bundle of thin strands connecting the two groups of 
chromosomes (Figs. 6 and 2 ( 6 ). Next, the daughter iniclei separate, the spindle 
having snapped in the middle. The daughter mieronuclei appear as elongated 


Explwatio.n of Text fiq. 2. 

Kio. 10»— ‘DuiTib.lK>ll fiiacrouiu'lous witli a iiegtitiv© area in tlu> division roffion 

with Feulgen positive granules in it. 

Fio, 11.— Shows a twist in the niicidle of tJKe Feulgen negative area. 

Fio. 12.- The daughter mieronuclei have started segregation and condensation. 

Flo. 13.— The daughter macnmuclei move further apart. Mieronuclei get segregated on 
either side of the dividing cell. There is equal distribution of mieronuclei in this 
particular animal. C^ytoplasm slxows constrictwm on both sides. 

Fro. 14.— Maoronucloi are slowly condensing and assuming their vegetative shape Animal 
shows unequal distribution of mieronuclei. 

Fio. 16.— Mooronuclous has moved to the oontro of either daughter cell. Cytoplasmic constric- 
^ion^has^deepened, " ^ 
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(liHtribuK'd in the cytoplanm, remains of the spindle material traitog off 
at their more ends. T'he broader part of the separated micronuclei stains 

nu>ro deeply than the pointed (Fi^^s. 7, 8, 9, 10, 11, 12, 13 and 20g, h). This phase 
in diviHK^ii^ histn for a considerable time, until the macronucleus, which, at this 
time shouH the first constriction, divides and the two parts move apart. 

As the rtiacronuch.ar lialves move apart, the micronuclei get segregated on 
cither side of ttu^ dividing cell. They condense, move towards the macronucleus 
and get arnuiged clone around it as in the vegetative animal (Fig. 16). The evenness 
of sufcining is regaint;d. 

A plienotiH'non of in(<^r(\st noticed in connection with the divison of the micro- 
nucl<'i is the une(]UHl flistrihution of the products of micronuclear division among 
the daiight.er cells. 'Fhe difFcrerice is often so high that one of the daughter cells 
has a number of micronucici twice that of the other (Fig. 15). 

The inacronucIcMis divides hy arnitosis. The first visible changes are noticed 
wIm’u tin? rnieroiuiel(‘i are in prophase or early metaphase. It gets elongated, 
reaehing a length varying from 12t)/y to 130/i in the different animals studied 
(Figs. S and 9). A constriction appears in the middle and the nucleus assumes 
a (lurnh l)(‘ll sliapi^ (l^'ig. fhe constricted part stains more lightly than the 

rest of the nucleus and at a later stage, is entirely Fculgen negative, except for 
a few Fculgen {)ositiv(^ granules. The nuclear membrane is intact and connects 
the two (huighter nuclei ahout to separate (Fig. 10). A twist appears in the middle 
of this eonstrif t ion (Fig. M) and .soon the daughter nuclei separate (Fig. 12). The 
division of the maeroimclcus is completed before that of the cytopla.sm and by the 
time th<' external const rh t ion of the cytoplasm appears, the two daughter macro- 
nuclei have .s(‘parated (Fig. 13). As tluiV move towards either side of the dividing 
(‘ell, th('v attain the vc'getativo shape and size (Fig. 16). 

Perhaps the most, iiiter('sting filature regarding maoronuelear division is the 
('limitmtion of chromatin seen in about 40 per cent of the eases studied. The amount 
of mat(Tial (‘liminaterl varies in different individuals, elimination taking place at 
the time^ th(' two daughter nuclei 8<‘[)arate (Fig. 18). In all eases the eliminated 
chromatin gets fragmented (Fig, 19) and lost in the cytoplasm of either daughter 
cell. Klimination has l)(*en noticed in a liigher frequency when division rate is high. 

Tlu' division ot tlu* macronueleus precedes that of the cytoplasm, which takes 
from 30 to 4o minutes after the external appearance of the cytoplasmic constriction. 
Ihe ( ou.strietion first a})j)t'ars on one side of the animal and later extends to the 
otlicr side also. W'luai the cytoplasmic constriction is clearly seen on either side 
of the dividing animal it is an indication that the macronucleus has completed 
its division. 


Discussion 

1 wo special problems arise in connection with fission in Frontonia leucas : 
(\) IJruHjual distribution of mioronuelei among the daughter cells, (2) Elimination 
ot chromatin during inacronuclear division. 

irnequal distribution of micronuclei results in the production of vegetative 
animals differing in their micronuclear number, often strikingly. Such unequal 
cliatributum is seen in 50 to 55 per cent of the animals studied. The signific^ypee 

known. Moreover, when it results in an 
individual with so high a number as 20 as compared with the other cell 
which receives only 10 or 12, the explanation becomes all the more difficult. One 
explain this phenomenon is that when the number of micronuclei is 
vep^ large, the mechanism of segregation gets out of control either because it is 
not very well organised or because it is put under a greater strain than is expected 
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Tj5XT Fia. 3. 


Fia, 16. — Macronucleus in each coll has attained tlie vegetative form with the micronuclei 
arranged around it. 

Fio. 17. — The constricted Foulgen negative division region of the riuioronucleus, showing Feulgen 
positive granules in it. Nuclear membrane intact. 

F'lo. 18. — ^Animal showing elimination of chromatin, as the daughter macronuclei separate* 
Fig. 19. — Shows fragmented granules of the eliminated chromatin. 
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of it. It noticed that wherever the initial number of micronuclei is very bigh, 
the dau^chttu- cells differ to a much greater extent in their micronuclear number. 
.Another jioiiu which require.^ an explanation in thi.s connection is the extreme 
rarity ()f vegetative animals with so a high number of micronuclei as 23. It is 
|jos»iblff that some micronuclei get lost or absorbed in the cytoplasm during reorga- 
nisaticjn after divd.sion. 


25/1 



9 

20 


I’U-VT-FK). 4. 

Fio. 20.-(n) \ t'grtulivo niifnuiiK'lri, (6) M uMomirK'i in propluint', (f ) Mit romicloi in inotapiias*' 
{d) Mit rnnufU'i in ourly uriuphuH*'. (#’) MicroniicUn in Inti' auaphaao, (/) Mioronu<'l<‘ 
in tf'lophAHt', (</) MitM-nriucU'i ivftor tiivision. 


The elimination of chrouiation from the macronucleus is reported in a number 
of protozoa. Calkins (11)19) has obst'rved in firoleptus halseyi, each of the eight 
niacronucU'i is “puritied” by discarding a reorganisation band and an “X-body” 
into the cytoplasm before fusing into a single body which then divides into two 
nuclei. According to Kudo (1959), in iMxocephaluft, Kupterion and Ewlamoeba 
blatUie, during the nuclear division, there appears and persists a small body within 
the nuclear figure located at the divi.sion plane, Kidder (1933) observed that 
('onchophthirhi.i nii/tili casts oft a part of its chromatin during every vegetative 
division, which later gets absorbed in the cytoplasm of either daughter organism. 
Kidder has also observed the phenomenon in other species of Conchophthirms. 
Kidder and Oilier (1934) ro|Kirted chromatin elimination in Glaucoma scintillans, 
Kidder and Summers (1935) in .4 f/os/»Aatri«»», and Suzuki (1954), in 
UTtdulann arntricanu'^. It is believed to be a process ivhere waste substances accumu- 
lated in the nucleus during vegetative life are cast off.* 

No reorganisation band has been recognised in ciliates with a more or less rounded 
maoronuoleus (Kudo. 1959). In Frontonia leucas during division the macronucleus 
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shows a weak staiiiiug region in the division plane » with a few Feulgen positive 
bodies in it (Fig. 17). In a few eases, these bodies were found in three groups 
(Fig. 18), recalling remarkably the reorgauisiUion band. This is particularly notice- 
able before chromatin elimination. The chromatin elimination is of imix)rtahce in 
the life of this ciliate as this might account for the extremely infrequent occurrence 
or even complete absence of conjugation and related phenomena by which other 
ciliates reorganise their macronuclens. During the past two years the cultures 
have been maintained in our laboratory, conj\igation lias never boon observed in 
our material. The suggestion that chromatin elimination could be a method of 
reorganising the macronucleus appears plausible, as the phenomenon is more 
frequentl}’^ met with in cultures where the division rate is high. When successive 
divisions are closer to each other than usual, the time interval between one division 
and the next is too little for the animal to reorganise, its inuoronucleus. Hence 
the elimination after reorganisation takes pla(!e at the end of ll\ree or four divisions 
instead of after every divisioii. 

Kidder and Diller (1931) also report that eliminat ion of chromatin in Colpidiuni 
and Glaucoma does not occur in a few divisions subsecpieut to reorganisation after 
conjugation. They attribute this to the high division rate and infrequent oecurrenee 
of conjugation in Colpidium and Glaucoma. In the light of Ibe above, the suggestion 
that this phenomenon of chromatin elimination during the division of the macro- 
nucleus in Fronionia Jeuca-^ is an attempt to reorganise the macronuclous, seems 
plausible. 
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Abstract 


A >*olNw{ i(»n of' n fiufidrod m)d fourtoY-ri Htraiiis of Kaprophytii^ coiyiHjform bactoria (gonus 
Arthrohartrr) roj»n m oof 1 r< nil i.soJafrs and forty- Uueo Htraiiis rtHMivod from othor 
ifivoHtjgntorH luiH f»o« a to a <'oiu|)arat ivo Hystonuitio Htiidy. 'I’lm cJiarartorist ics tliat 

roliably diMt inmo -h t Jio ; 4 roit[# uh u wliolo art' il.s [)riiiiary habitat, inability to })roduco oatalaso 
and indojo iitui goin'mi aUio'ss for rarl>o}iydruto iiiota)>olisiu. In ilio furthor difforontiation 
of th*’ into Mjji oi. tho limilutiooH of rolying oxolusivoly (;u ])liyHiologicai characioristicH 

hnv'o bnoo 1 h. uHnt i)| Kobiilow ’h <-ol | -wul! Htaiiliug to(*hni(juo ii\ morphological 

ond MyrtO'inatic studios on ilvr. group in oiuphuHisiHl. It is lomutivoly ])ropoHod tliat a taxonomic 
sfU*>m<s uhirh vvoidd primarily divid<' tho gtaius into morjiliokigical groups and iis<> physiology 
I<*r turtlior ddhin'otiation. may lie mon' riatiHfactory than tho prOMtmt schonu*. 


'Phoitgli tho exist eiKt* of sapropiiytic bacteria morphologically related to tho 
parasitii^ ( 'onjm hih'ferluih has long been recognised (Kisskalt and Bcrend, 1018), 
it is only in roc.*nt years and largely due to the work of Lochhead and co-workers 
that the growing signilicanc(‘ of these organisms has been realised (Loehhead, 1952; 
Lochhead anil Ihirton, lOob). The abtmdant occurrence of these organisms in 
soil is now well authenli(*at<'d and they have also ))een isolated by enrichment 
culture terhni(pi(^8 that imply their roU^ in the utilization of asparagine, hippurate, 
glycerol, starch and eellulost' (Indian (\nineil of Agricultural Research, 1057). It 
has long b(‘en snspeaded that the Cory no bacterium — Nocardia group of bacteria 
iu»rmallv carry out tin' oxidativ<* dcgra(lation ot pyrimidines in a mineral environ- 
ui-?’ * implicated in the breakdown of hydrocarbons (Trecanni, 

Idol.; Ladd 10,,,)), acetone (Levine ami Kramptiz, 1052) and organic nitro com- 
pounds {(nni(h‘rsen and densi'ii, 105b). Nevertheless a special ecological niche has 
yet to bo assigned to them, 

Jenson s aclmirabli' rt'view (1052) has served to emphasize the obscurity which 
las s irouded the systematics ot this group t)f bacteria, a position which has not 
)t cn en uel\ mitigated despite tlie aeeordaneo of generic status (genus Arthrohacier) 
n the grouf) in the new edition of Bergey’s manual (Breed et al., 1957). The deter- 
mnative Lixonomy ot any group ultimately depends on careful studies and descrip- 
a number ot strains within the group as possible. In the present 
^nowleiige the lu'od tor the aeeiimulation of more information on 
“ »'• The comparative studien 

S comprising 71 fresh isolates 

iieed^^ received from other investigators, is intended to partly fulfil this 


Methods 

of ca^den^otI *aiul^ tho strains were freshly isolated from samples 

carSout m on^ . ^ho fnlP of a variety of plants. Primary isolation was 

.t«dy „■«,« to Ert° 

VOL. 8«, B, No. «. 
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MorpJiologt^l Studies* The developmental morphology of each strain was 
studied using in situ preparations of the organisms growing between the glass 
surface of a slide and a thin layer of overlayed sterile nutrient agar cut out fi^ra 
a previously poured petri-dish, the slides being incubated in a moist chamber at 
27-29''. At desired intervals, slides were fixed in Bouiri's fixative, the agar layer 
carefully peeled off and the adherent cells stained by the tannic acid -crystal violet 
technique of Robinow (1942) to demonstrate cell Wall and septa. Observations 
were also made on monochrome and Gram stained smears prepared in the conven- 
tional manner from growth on the following media : nutrient agar, nutrient agar 
with 1.0 per cent sodium chloride, nutrient agar with 1 per cent glucose, soil extract 
agar and Ashby’s nitrogen-free mannitol agar. The use of different media as a 
possible aid in the morphological differentiation of coryneform bactcia has been 
suggested by Gibson (1953). The developmental morphology of all strains was 
studied over a period of seven days. The motility of all strains was tested in 
young (18 hours) as well as in old cultures (4 days) grown on nutrient agar. For 
the conclusive demonstration of motility in doubtfully motile organisms the method 
of Tittsler and Sandholzer (1936) was employed. Loffler’s method (Buchanan 
and Buchanan, 1938) was found satisfactory for staining of flagella. 

Colony characteristics of all the strains were studied on nutrient agar. Growth 
characteristics in nutrient broth were also observed. The optimum and limiting 
temperatures and hydrogen ion concentration for growth were determined in 
nutrient broth. 

Physiological Tests, All conventional physiological tests that have been 
found useful in classification of the better known groups of bacteria were used. 
Unless otherwise stated, these tests were carried out according to the recommenda- 
tions of the Society of American Bacteriologists (1957) in their Manual of Micro- 
biological Methods. Inasmuch as these tests were found to be of limited value, 
several additional physiological tests were also used. 

Carbohydrate metabolism. The oxidative or fermentative nature of the organism 
in relation to the carbohydrates arabinose, xylose, glucose, fructose, galactose, 
sucrose, maltose, lactose, inulin, glycerol, mannitol and sorbitol was tested according 
to the method of Hugh and Leifson (1953). This test replaced routine fermentation 
tests. 

Reduction of methylene blue. This test was carried out according to the 
recommendations of Smith et al, (1952). The composition of the medium was 
as follows : glucose, 5.0 g.; proteose peptone, 10 g.; agar, 2.5 g.; methylene blue, 
0.004 g.; distilled water, 1 litre. Tubes 15 mm. in diameter containing 8.0 ml of 
the semisolid medium were inoculated and examined for the reduction of methylene 
blue after 1, 3, 5, 7, 14 and 21 days. 

Anaerobic production of gas from nitrate, A modification of Gibson’s medium 
(Gibson, 1944) suggested by Smith et al, (1952) was used. The medium contained 
tryptone, 1.0 g.; K2HPO4, 0.5 g.; meat extract, 0.3 g.; yeast extract, 0.2 g.; NaNOj, 
1.0 g.; agar 0.5 g.; distilled water, 100 ml. The was adjusted to 7.6. Approxi- 
mately 8.0 ml of the medium in 15 mm. tubes was autoclaved, quickly cooled to 
remove oxygen, inoculated and capped with 10-16 mm. of sterile vaspar. The 
tubes were incubated at 27-29° and observations made up to 15 days. 

Production of urease. This was demonstrated as follows : growth from nutrient 
agar slants was washed off with about 4.0 ml. of sterile distilled water. Using 
phenolphthalein as indicator, the pH of the suspension was adjusted to 7.0. The 
suspension was divided into two equal parts, one being the control and to the other, 
about 0.1 g. of urea (crystals) was added. The development of an alkaline reaction 
indicated the production of uiease. Tests were done after 5, 10 and 15 days. 

Utilization of carbon and nitrogen compounds, Knight and Proom (1960) 
after an extensive investigation on the genus Bacillus, suggested that nutritionaj 
surveys on bacterial groups would give indications of natural relationships tha 
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wuukl Tuak^j clasudcutioM Ioha arbitrary than it is at present. The isolates in our 
eollectioii wen* examined for their ability to utilize a nurabor of carbon and nitrogen 
cornp'niiidi 'rhrotrv'hotit the course of these tests, special precautions were taken 
to a\^id I races of unwanted nu trients. The selection of test compounds was governed 
by availabk? information on the physiological and metabolic activities of these 
micn)^)r^'afusrnH. The composition of the baH<\l medium used in these tests was 
as folio vv's ; teeitral ph<j.sphate mixture (Nfa 2 fH^O^, 8.0 g., 1*0 g., 

!s[a<’l, O.Oo g.; MjrSO^. 7 H,/), 0.5 g.; CaSO*. 2H2O, (saturated solution) 5.0 ml.; 
Fe S()|, 7ir..O, 2.5 rug.; rnicronutrkmi solution I ml.; fUstilied water, 1 litre. The 
cornpositiorr (if the rnicronutrient solution used was as follows: Zn SO4, THjjO,; 
ll.O g.; Ml SOi. 1[,0, 5.0 g.; Ho 8 O 4 , O.t^o g.; 0.05 g.; Na.Mo O 4 , 2.0 g,; 

thi SO^. 7iLO. 0 . 0 t )7 g.; distilled water, I litre. To this medium 0.5 g. ammonium 
sulphate was addled as the nitrogen source and the following carbon compounds 
addc'il individually in the (‘oneent rations specified : phenol, 0 . 1 % (v/v); asparagine, 
Ixuizeiii?, aniline, o-eresof m eresol, alpha naphthol, beta-naphthol, paraffin, acetone, 
berizaldehyde, iuithrat'otuv and eafTeirie, 0 . 1 % (w/v); naphthalene, 0.0003% (w/v) 
and the. s<»diinu salts iif ilu*. following acids : formic, oxalic, oleic, propionic, succinic^ 
benzole, and salic^ylie, 0.05% (w/v); barbituric 0.01^, ^ ('v/v); hippuric, 0.1% (w/v), 


acotiii, citri<‘ and la(‘tie, th5‘’,) (VV 7 V). 

The following inorganic nitrogen compounds tested wore addcfl to give a 
emujontration of <>.5'’;^ (w/v), using 0.5% glucose as the carbon source : NaN 03 , 
(NH 4 ), SO,, (Xfr ,)2 Hl'O,. and NH 4 NO,. 

*rh(' utiliza^ioji of amino acids was tested when provided as the sole source of 
carbon uiui ndrogtuv and also when provided as the nitrogen source only. The 
various amin(» acids wen' iiuorporated so that the final volume contained 25 mg. 
of nitrogen per ml. The following amino acids were sterilized by Seitz filtiatioii and 
added separiit<‘ly to tlu^ medium : dbglycine, dl alanine, Dl serine, Dl-norleucine, 
DldlireoiiirK'. 1 h ueiiKn Dl-valine, Dl-i.soleucine, Dl-aspartie acid, Dl-gliitamic acid, 
li-argininc. Dl lysine, l-asparagine, l-lustidine, .L-prolino, L-hydroxyproline, 
dl*trypto[)h-vne, li tyrosine, dl-met hionino, and L-eystiiU'. 

riu; total v^oliinie of d(‘lined medium in every case was 5.0 ml. The inoculum 
consisted of umsIumI e/ |! ; fun'vo'sted from a 21- hour old nutrient agar slant. The 
ino<‘ula(ed Inb-'s wen' inenhated at 27 20 " and growtli recorded visually up to a 
period of seven days. 


Thf'Dnnl drafh 3’his was determined in nutrient broth containing 10 ^ to 

lO' viable (*ells per ml., the time being recorded after the eontents of a ‘parallel’ 
tube reached the desitv'd temperature. 


Results 


Morphology and groicfh chararh-riatirs 

File gross morphological eharact eristics were generally similar in most of the 
media utilized. Nevertheless, tlie following observations wore made : 

1 (Growth was good to luxuriant on both uutrieiit agar and glucose nutrient 
agar, but poor on soil extract agar and Ashby's mannitol agar. 

2 — Pigmentation was more pronounced on glucose nutrient agar than on 

nutrient agar, soil extract agar or Ashby's mannitol agar. 

3 I he organisms showed vacuolation earlier on soil extract agar and Ashby’s 
mannitol agar than on nutrient agar or glucose nutrient agar. 

4 rile tendency to branching was maximum on glucose nutrient agar followed 

I Ashby s mannitol agar and soil extract agar in that order. 

1 '^}i ^ morphological characteristics* as revealed by monochrome 

and coll wall staining, it was possible to divide the isolates in the collection into 
lour morphological groups. The morphological distinctions between the four 
groups are presented diagrammatically in Text figs. 1 and 2. 
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Group — /. Organiams in tliia group were of the amalleat size and coccobacillary 
in shape. ‘V forms were encountered but a more pronounced tendency was to 




it 


4$ ftOitHi 

♦ EMM 

7 MYS 

eptpofi I 

A *’ 

W 

>» 

> 

> > 

** ^ 

, j 

^ \ >r 


SO rwtrm 

Csosw 

HO FWTMH 

CH^NOi 

QMVfE 


^ '' *- 

' J 

•• 

• • 

■ 

NOfMJm 

CHAHOt 

engup-E 

% ' 

'' 

V 

> /. 

* ^ 

. ^ . 



NOFynrmn 

CHANOe 

afpops 

' .r ^ 

J 'X ^ 

1 

> 

f ^ 

V 

J 



• ^ 


Tkxt-kio. 1. 

Dovolopmental morphology of tho four morphological groii|)s of saprophytic, corynoform 
bactoria as observed in tho crystal violot-staiiiod smears from nutrient agar ( X 1200). 


form clusters. On cell wall staining, these bacteria did not show tho presence 
of any septum but only deep staining at the ends, thereby appearing as bipolar 
rods. The organisms became almost coccoidal at the end of 24-36 hours growth 
on nutrient agar. Gram staining showed that most of tho cultures in this group 
were Gram positive to Gram variable. All the strains were distinctly Gram positive 
at the end of the fourth day when they were in the coccoidal stage. Excepting 
three strains which were motile by means of a single polar flagellum all other 
strains in this group were nonmotile (see Table 1). 

Table I 

Motility ayul type of flagellation 


Morphological 
group and number 
of strains in 
each group 

Number of 
motile 
strains 


Typo of flagellation 


Single 

polar 

More tlian one Poritrichous 
polar flagellum 

I (13) 

4 

4 

— 

— 

II (49) 

24 

14 

4 

6 * 

III (28) 

15 

10 

— 

5 ** 

IV (24) 

"l4 

9 

5 

— 


’^IncludeB 2 amphitrichous and 1 lophotrichous strains 
^'^Inoludes 3 strains showing only lateral flagellation. 
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Text-fig. 2, 

Diatmctiona Ix^twocn tho four iuor|3hological groups as revealed by cell wall and 
monoohromo staining of 18 hour old cultures, ( x 1500). 
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Pigmentation on suitable solid media was generally yellow, but two strains 
w^ere orange, one pinkish red, and four pearly white. The colonies on nutrient 
agar were small, round, entne, slightly raised, translucent to opaque, smooth 
and glistening. The size varied between 0.5 mm. — 1.0 mm. In nutrient broth 
the strains generally showed uniform and moderate to good turbidity and a smooth 
and powdery sediment. Only three strains showed a compact sediment and no 
turbidity (Table 2). The range for growth was between 6--8.5 though two 
strains could grow at pH 4.5. The optimum temperature for growth was betweon 
25-30® and the maximum temperature was 40® except for four strains which failed 
to grow^ beyond 37®. 

Group— II. This group consisted of organisms of variable size ranging from 
small coccobacillary forms to distinct rod-shaped organisms of the size about 
0.5-0.8/. X 1-3//. The smaller rods had a tendency to form clumps with the 
occasional presence of ‘V’ and ‘L' forms. The larger rods showed a more pronounced 
tendency to pallisade arrangement and angular forms. They showed a distinct 
tendency to filament and chain formation in young cultures. The smaller rods 
broke up into coccoidal forms by the end of 48 hours wlicreas tlic larger forms 
required three to four days. Cell wall staining revealed the presence of a single 
septum. The method of division and the resulting arrangement was not clearly 
revealed in the case of smaller forms by the cell wall staining technique even when 
viewed under phase contrast. Tn the case of larger forms the cells after division 
presented mostly an ‘opposite angle’ arrangement (Sundman, 1958). The organisms 
were weakly to distinctly Gram positive in young cultures; the coccoidal stage 
was always distinctly Gram positive. Fortynine strains belonged to this group of 
which tw^entysix were nonmotilc and the remaining twentythree motile. Among 
the motile strains flagellation was predominantly single polar, though a few showed 
lateral, amphitrichous, lophotrichous and peritrichous flagella (sec Table 1). 

Pigmentation varied from grayish and pearly white to light yellow with a 
few exceptions of orange, pinkish red and diffusible brown, as may be judged from 
Table 3. The colonies were small, round, entire, slightly raised, translucent to 
opaque smooth and glistening. The colonies of the larger forms showed a denser 
central part. Growth characteristics in nutrient broth were more variable than 
observed in group T. Though the majority of the organisms showed moderate to 
good imiforin turbidity, eight strains formed a thick ring or thin pellicle and seven 
strains showed poor growth with a viscid sediment (Table 2). The pH range for 
growth was between 6.0 to 9.0, though a few strains could grow even at pH 4.6. 
The optimum temperature for all the strains was 26-30® and poor growth was 
observed at 40®C. Pour strains failed to grow above 37®. 

Group — III, The organisms belonging to this! group were thicker in diameter 
than organisms of group I and II and often appeared to be oval in shape. They 
generally appeared to bo larger in young cultures when the angular arrangement 
was more pronounced. Breakage into coccoidal forms occurred at the end of 36 to 
72 hours, the coccoidal forms having a tendency to mass together. Cell wall 
staining showed the presence of two to three septa per cell. Occasionally filament 
formation was observed, the filaments showing the presence of a number of septa. 
The arrangement could be observed in some cases to be of the ‘parallel adjacent 
type’ (Sandman, 1958). The organisms were Gram positive to a varying degree 
in young cultures but became distinctly positive in old cultures. Out of twenty- 
eight strains which belonged to this group, thirteen were nonmotile, ten show^ 
the presence of a single polar flagellum, two showed one to two lateral flagella and 
the remaining three showed rix to eight peritrichous flagella (Table 1;. 

The pigment varied from light yellow to orange. Colonies were generally 
round, entire, convex, smooth, glistening, opaque and about 1-2 mm. in mameter. 
Growth chpracteristics in nutrient broth were of a variable type; thirteen strains 
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forriic^d ^ntficr a ihirk ring or thin pellicle with the broth moderately turbid and 
with uvo (he broth remained clear. Out of the remaining fifteen strains, 

nin*' nhowi <1 mixleralc to good growth with uniform turbidity and six showed poor 
growt h with a coinpfo ♦ v is<'id sediment (Table 2). The pH range for the organisms 
w.»ri foiujd to b(* Ixilwcon fi to 8 o. exccpt for two strains which could grow even 
at /ill 1.5 and U.O. The optimum temperature was betw'cen 25-30® and the 
maximum 10’. Two strains could not grow^ beyond 37®. 

(iwup [\ . 'rhe organisms included in this group w'ere quite distinct from 
the above fhrce groups iti that tluty were thin rods showing a very pronounced 
ariguinr arrangcniont an<l t(‘ndencv to the typical T.'hinese letter’ formation 
that is known to rharacts ri/.e ('onpirJj/ichrluni. Branching was distinct in young 
rultur(‘.s. the organi.srns breaking up into smaller unbranched forms with age. The 
uilimat*'’ uiii? of was fiow(*ver iiot (*f)cer)idal as in other groups but cocco- 

ba< illary. I hesr' cultur(*s on (*(*11 wall staining did not clearly reveal septation or 
iuO ruiil ruorpliohxgy, the (Mitire cell being eharaeterised by excessive granulation. 
All .^{rairis weakly (riaut [)ositive. All strains belonging to this group wnre 

iiouruolilo in young euliures but doubtfully motile to motile when old. All but six 
strniuM wrse polar llag(iiat(‘s (Tabh‘ 1). 


T.NHf.K n 

(irov'th vli(trorterit<tic.H in nutrient broth 


M«>r| iltolot'icul 

aiul 
nuiiiiM'i' (il‘ 
st oiiii.M ill 

CiU'h i^OMlp 

'rhifk nn^ 
t»t poll icl<‘ 
ccctmipau io(i 
l)y unitorin 
t urhidii y 

Thick pellicle 
uii HU oUicr- 
wise cIcHr 
mt'diuni 

ITiifonn 

moderate 

tiir])idity 

witliout 

pellicle 

Scant or no 
turbidity 
without 
pidlielo but 
with a viscid 
sediment 

1 


<> 

0 

» 

2 

n 

(lit) 

ii 

•> 

:u 

7 

ill 

C-’S) 

I 1 

•» 

1) 

6 

»\ (ji) 

-I 

0 

18 

4 


IVmontntioii was as a ruk- yellow. The eoloiiies of this Broun were small, 
aiul'ooa^ ’ r’V" ’ raised and translucent, becoming slightly granular 

arhuniZT tvl strains^ fdLe^tLs and 

At f'lrut I , '■ * S'»t'»<e was observed. (Jrowth in nutrient broth was .slow 

> ■ )eeoinmg moderate by about the fourth day. Most of the strains showed 

folCr'^eolmiret I^elHcle and four strains 

loiuuu a compact viscid sediment Table 2). The wH rantre was fi-Q 0 The 

sirLTr™. r '>"• r' »■*» :p“ ih^ 

strains tau«t to grow at temperatures above 37°. ^ 

PHYsiohOotcAL Characteristics 

TRbils^^S tf f Characteristics exhibited by the strains are presented in 
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Table III 

Physiological characieristit*^ 


Morphological group aixd tho number of atrains in 


Physiological Tests L 


i lOBVS 

r 

(13) 

II 

(49) 

III 

(2») 

tv 

(24) 

1 -Methyl Red Test 

2 

23 

8 

8 

2— Vogos Proskacur test 

1 

12 

6 

2 

3-Production of indole 

1 

0 

2(1) 

0 

4-Production of hydrogen sulphide 

tt(4) 

14(7) 

6(4) 

6(3) 

o-Production of urease 

0 

5 

7 

0 

6-Production of catalase 

13 

47 

26 

21 

7 -Production of dohydrogonaso 

5 

18 

II 

16 


( IR; 2PR; 

(6R; 6PR; 

(ttli; 2PR; 

(12R; IPB; 

8-Production of gas from NaNO j 

2RO) 

GKO) 

3RO) 

3RO) 

under alkaline anaerobiosis 

0 

‘> 

0 

0 

9-Roduction of nitrates to nitrites 

9 

42 

22 

21 

1 0-Production of ammonia 

7 

34 

16(2) 

7(1) 

1 1“ Hydrolysis of casein 

3 

19 

9 

6 

l2 -Hy<lrolysis of fat 

0 

18 

7 

4 

13-Hydrolysi8 of golatino 

7 

25 

13 

16 

1 4-Hydroly.sis of starch 

10 

27 

17 

21 

io-Docomposition of cellulose 

0 

0 

0 

0 

16-Chang('H in litmus milk 

4(R); 3(P); 

10(R); 28(P); 
.i(RP); 

2(AC) 

6(H); 12(P)i 3(B); 7(P): 

l7-Pigmontation on nutrient agar 

3(RP) 

4(RP); 

l(AO) 

6(RP): 

2(AC) 

(a) None 

(b) Orayish white to 


— 

— 

2 

creamy white 

o 

22 

8 

4 

((0 Yellow 

8 

15 

6 

17 

(d) Orange 

2 

4 

12 

— . 

(e) Pink 

\ 

3 

2 


(f) Diffufiibk» brown 

- -* 

2 

— 



Figures indicate tho nuinhor of strains showing a positive reaction. 

Figures in paronthosis indicate strains giving a late positive reaction. 

Changes in litmus milk : R, reduction; P, peptonisation; RP, reduction and peptonisation; 
AC, aciidity and coagulation. 

Production of dehydrogenase : R, reduction of methylene hlue; RO, reduction and 
reoxidation of methylene hlue; PR, partial reduction. 


Table IV 

Ability to metabolise carbohydrates wider aerobic and anaerobic conditions 


Morphological 
group and 
number of 
strains in 
each group 

Number of 
strains that 
metabolise 
all or most 
sugars 
oxidatively 

Number of 
strains that 
metabolise 
all or most 
sugars fer- 
mentatively 

Number of 
strains that 
inf tabolise 
all or most 
sugars 
oxidatively 
and fermenta- 
tively. 

Number of 
strains 
that attack 
carbohydrates 
indiiforently 

Numbe r of 
strains that 
are inert or 
weak in 
carbohydrate 
metabolism 

I (13) 

I 

0 

1 

6 

4 

II (49) 

5 

• 0 

4 

7 

33 

III (28) 

3 

0 

4 

3 

18 

IV (24) 

12 

0 

3 

3 

6 


11 
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Tablk V 

UtilizcUion of O'f^nie carbon compounds 

Morpluilogical group and number of strains in each group 
(.’arbon <N>i!i[>oundM ~ ~ 

1 II III IV 

(13) (49) (28) (24) 


1 -Asparagine 

o 

31 

15 

8 

Aeetono 

7 

16 

17 

11 

Aniline 

4 

24 

17 

14 

lk»ny>?no 

0 

25 

18 

10 

Napht halono 

4 

11 

9 

6 

Afithrne<in(» 

3 

22 

11 

18 

Al)>}ui-niiphthoi 

o 

17 

12 

5 

lii’ta-iuiphthol 

(I 

8 

3 

5 

Phnn<»l 

•> 

J6 

8 

3 

f > (*r< r«ol 

0 

2 

2 

0 

m rrt)s<«>l 

1 

2 

4 

2 

ltenv:ul<t*Ii3'4ln 

0 

6 

G 

2 

Parathn 

i\ 

n 

3 

0 

( ’iihV'inn 

4 

16 

16 

16 

Ko<lium foi mate 

0 

15 

11 

8 

Sodium oxaluio 

0 

0 

0 

2 

Sodium aeotato 

t) 

40 

22 

11 

Sorlium olrat(' 

H 

42 

25 

16 

Sodium fu'opionate 

0 

3 

0 

0 

Soditun lactafo 

10 

46 

26 

21 

So<liiim Mticcinato 

0 

45 

24 

18 

Sodium oitrato 

0 

29 

23 

16 

Sodium bou/.oat4t 

H 

24 

11 

{> 

Sodium salicylat<' 

0 

9 

0 

0 

Sodium barbiturate 

r> 

23 

15 

3 

Sodium hippurat^^ 

0 

0 

0 

0 


KigoroM ibo tuuubor of strains showing inodorato to good growth after incubatioi 

at *JS iM)’ lor ono woeU. 


NitrtJgon 

coinpoujidH 


NaNO., 

ItPO^ 

NH4'N0;^ 


I ABLE VI 

1‘ tilization of inorganic nitrogen copounds 


Morphological group and number of strains 
in each group 

I 

(13) 

ii 

(49) 

III 

(28) 

IV 

(24) 

6 

23 

18 

6 

12 

45 

23 

18 

8 

24 

12 

8 

9 

29 

• 17 

16 


iron at ^ 7 *- 29 '*' for'one^wwk^'^^^ strains showing moderate to good growth after incuba 



Table VII 

oj individual amino acids as a source of nitrogen only {N) and as a sole source of carbon and nitrogen (CN) 
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oupfiuCO'T; 

9tnsojuCj^“T[ 

oxreqdo^cLCjXiP 

9Ui|OJcLCxojpiCjI-T 

ouiiojx T 

OUipi^STjJ'l 

eui8«JwdsV“l 

OUtSjC''J-lQ 

onttriJ^V'’! 
pp« onuB^uiOia 
piou opa«d'3V*ia 
ouionoiosj-iQ 


ouii^AiCI 

OUTOTlO'T[-l 

ouitioojijX’G 

ouiono^joX'lQ 

ouuog-ia 



KD 

o 


O 

* 

K 

o 


© 

O- 

SLO 

o 


o 

i 

K 

QO 

2 

o 

* 

n:o 

O 

® 

OT 


N 

« 

1 * 

© 


NO 

o 

1 ■ * 

o 

r ' ® ' 

N 

o> 

2 

» 

■ 

ko 

© 


© ■ 


K 

o> 


CO 

1 * 

NO 






N 

i ^ 

1 

o 

1 


1 ^ 


1 © 

NO 


! © 

© 

1 : 

N 


1 PH 

o 

I © ' ' 

1 *-• 

1 (N 

pH 

1 1 

NO 


2 

© 

* 

N 

o 

1 

6 

1 © ' 

pH 

1 

PH 

1 

NO 



© 


m: 

© 

© 

6 

1 ^ ' 




1 

NO 


2 

cO 

1 * 

N 

o 

2 

2 

os 

NO 1 

« 

pH 

os 


N 


o 

o 

© 


<N 

PH 


NO i 


pH 

CO 


N 1 

1- 1 

o 

1 ' 2"” " 1 

r “oi" 

1 



1 

^ ..^0 1 


' © 


o- 

N 1 

I « 1 

1 2 

1 2 ■ 1 

1 * 

NO 1 

® 1 

g. 

- 1 

|- so • 

nJ 

L 


r“2 ‘1 

|- co- 

NO 1 

1 

1 ^ 


1 -ui-- 

N 1 


r" "© 


1 * ' 


I 
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NO I 


CO 


! ST — 

Ni 

© 1 


— I 


1 

pH 

PH ] 


NO i 

0 


~o I 

6 

'n I 

t- j 


O 1 


1 

pH 



NO 1 

, 


0, , 


„ici 

2 1 

pH 

1 


NO 1 

« 1 

pH 

■© 

ec 

n) 

« j 

© 

PH 

© 

i> 

NOl 


PH 

<N 


Ni 


PH 

O 

pH 

00“ 







pH 

pH 

o 



pH 


PH 

o> 








H 

M 



w 

P 

, 


Figures indicated the number of strains showing moderate to good grov'th at the end of one weak at 27-29 
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TabjLE VIII 

Xumher oj strniru txhibiting intermediate physiological characteristics between accepted 

species 


A* 

Fhyriiologitral 
(^hurttcu^ririt khs 

iiuru^if'r of Htrninri 

A. glohijormif! 

Starch hydro- 
lyrioiJ; poor 
growth at 37^ 

H 

A. glohijormw A. simplex A* simpler 

intoriiiediatos 

Starcli not Starch Starch not 

>iydroIy«<Ml; poor hydrolysed; good Ixydrolysed; 

growth at 37'^ growth at 37^ good grow th 

at 37° 

3 11 14 

fl, 8f )♦■»<! it'M 

,1. jxtMceris 

A, pascens 

A . simplex 

^4. simplex 

('hHrnetoriHteM 

ruimimr of 

Stan h hydro- 
lynod; poor 
j^rowth at 37' 

4 

Starch not 
liydrolysod; 
poor growth 
at 37^^ 

0 

Starch 
hyd roly sod; 
good growth 
at 37° 

3 

Star oil not 
hydrolyod; 
good growth 
at 37° 

14 

<’. Spt^ciofj 

A. (UireMcens 

.4. (turmceus 

A. ureafacien.'i 

.4. ureafaciens 

rhumotoriHtii H 

nurnbor of .4t ruiii» 

Staroh liy<iro- 
lysinl; iiiirato 
n'dnctHl 

3H 

Starch 
hydrolysed; 
nitrat45 not 
rodnccMl 

7 

Starch not 
hydrolysed; 
nitrato 
reduced 

10 

Starch not 
Itydrlysod; 
nitrate not 
reduced 

0 


DlSCirSSION 


T!u> gruup of bacteria under consideration have a striking morphological 
siiniiarity to (k)rynef>actmum, a genua first created by Lehmann and Neumann 
(IHDb) to include the I/, dtphlhcriae and related parasitic bacteria. Over the decades, 
however, the boundarie.s of this genus were widened to include .several related 
torm.s which nevertheless exhibited a confusing diversity of characters. A situation 
Avhich permitted the inclusion of animal parasites, soil saprophytes (Ki.s.skalt and 
IJorcnd, ‘918) and plant pathogens (Jensen, 1934; Dowson, 1949) in a single genus, 
understandably evoked protests. h h , 


Iho genus ArthridHicter was first suggested by Conn and Dimmick (1947) to 
accommodate separately, the saprophytic soil coryneforms having a more varied 
ecu morphology, weaker Oram reaction and acid production and simpler nutritive 
roquiroments than the parasitic corynobacteria. The contributions of Lochhead 
and Burton m recent years (1953. 1955, 1956) have however indicated that several 
^prophytic coryneforms do have complex growth requirements. While the 
invfT f A- glabiformis was a non-motile strain, several independent 

V k’'*! l“>th motility and flagellation in the group (reviewed 

.r'' ' iSf ‘1.“ (Breed 

seDiratimlnH recognised. The criteria for its 

habbal .chwactensation are its saprophytic nature, morphology, primary 

L ri^nvls 57’o‘rof ^ to de^mpo^ cellulose and usual lack of motUity Since 
“n be attached were motile, not much weight 

the mor^i ^ this property in characterising the genus. Neither 

iTwould thi?s aS/ the group sufficiently exclusi^ to be useful. 

that the li U • I • ,V . addition, our studies have indicated 

tnat the genus may be physiologically characterized by an inabUity to produce 
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indole, an ability to produce catalase and by a general weakness for carbohydrate 
metabolism which when it occurs may range from pure oxidative to partly or 
purely fermentative. 

While the accordance of generic status to the soil coryneforms has much to 
commend itself, some of the criteria that have been used for the further delineation 
of the genus into species have necessary limitations. Our studios have indicated 
that the ability to liydrolyse starch, to reduce nitrate and to grow at 'M"" arc character- 
istics that are too variable to be accorded the importance that is at present given 
to them (see table 8). On the other hand, characteristics such as chromogenicity 
(only the presence or absence of pigment; variations in type of pigment occur) 
and the ability to utilise inorganic nitrogen appear to be sutticionily stable to be 
useful in a system of classification. 

The comparative studies made on the morphology of the strains after staining 
the cell wall and septa, have confirmed the suspicion that they do not constitute 
a morphologically homogeneous grouj). This fact in itself should siiggest the use 
of morphology as an important criterion in the classification of the genus. The 
simplicity of Robinow’s cell wall staining technique and tlie ease with which it 
may be applied to largo collections renders it as a test that may be routinely used. 
Indeed, this test deserves to be practised in all studies on bacterial systomatics. 
On the basis of morphology alone, it is tentatively proposecd that the Arthrobacter 
may be divided into four morphological groups. Within the limits of the experience 
gained in our laboratory, it has been observed that the morphological traits described 
are sufficiently stable under the specified conditions to permit of such a primary 
morphological classification. It will be further observed that some physiological 
characteristics such as the utilization of benzoate, paraffin and some amino acids 
show a correlation with the morphological differejiiiation. Each morphological 
group would lend itself to further classification on the basis of physiology, presenting 
a scheme analogous to the relatively satisfying picture presented by the genus 
Bacillus (Breed a/,, 1957). Before accepting such a scheme of classification, 
two lines of investigation would be in order, (a) comparative studicvS on a larger 
colloctiou of saprophytic coryneforms, (b) studies on morphological variations 
intended to determine whether the characteristics to bo used lie sufficiently beyond 
the limits of variability of a single species. It is to bo hoped that the present study 
would stimulate investigations on these aspects of the systomatics of an interesting 
group of bacteria. 
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Abstract 

1. Exposui ‘0 of the seods to six different doses of cololiiciiie gave very few colohiploids, 
whil(3 practically all the dosoa in the apical bud treatments wore successful. The uifect-ed 
plants were mostly mixoploids, which gave totraploid and diploid progenies. 

2. Tlio tetraploids germinated 2-3 days later and 80-85 per cent of tlio seeds germinated. 
They grow slowly and at harvest two varieties remained binallor, two attained the samo size 
and the other two exceeded the diploid in height. Throe varieties produced fewer branches. 
The early flowering varieties flowered about a week later, but the flowering was prolongciil in all. 

3. The leaves were siiiallor, except in one variety, thicker duo to inoreasocl size of 
{jalisade and spongy layers; darker green in colour having more cldoroplastids per cell; and the 
lobing w'as loss pronoimced in the piiuiatisect type, 

4. Gigontioism in all floral parts wore seen, the increase in the size of the standard being 
most conspicuous; more flowers opened in the first inflorosconeo but fewer fruits wore sot, 
one variety failed to produce any fruit. The fruits 'Were sinallor, and the number of seeds per 
fruit were fewer. The seoas were, however, larger emd lioavior. l8ood yield per i)lant w'as 
reduced and ranged from about 10 to 50 per cent of the respective diploids. 

5. About 20 por cent of tho pollen wore empty, the others wore of variable size and 
about 10 per cent were rectangular with four germ pores. 

6. Tho tetraploids liad 44 chromosornos, synapsing mostly in twos, avorago number of 
quadrivalonts lx»ing 1.6 to 1.8 per coll, the trivalents and univalents wore still fewer. Other 
irregularities such as precocious movement, unequal separation and laggards did not exceed 
15 por cent of tho colls oxaminod. 

7. Hybridization reciprocally with tho diploids failed. 

8. The Fa progenies of the two intor-tetraploid crosses wore highly variable emd some 
plants did not set any fruit at all, but about 15 |)or cent of tho plants exceeded tho diploid moan 
in yield and appear to bo promising as a source for increasing totraploid yield. 

Introduction 

Green gram, Phaseolus aureus Roxb., syn jP. radialas L. is an important 
legume of South East iVsia. It is grown for its nutritious seed and also as a fodder 
crop. Tetraploid of a variety of green gram was produced by Kumar and Abraham 
(1942) using colchicine. According to Kumar (1945) the tetraploid was late in 
flowering, more susceptible to disease and extremely poor yielding, and no 
improvement was noticed even though the tetraploids were selected through three 
successive generations. They had reduced number of branches, flowers, pods 
and seeds x)er pod. The size of the petal and breadth of the fruit were, however, 
bigger. 

With the advent of the colchicine technique, polyploids have been produced 
in a large number of plants, but very few oi them could be used immediately. 
Differential response observed among the varieties due to tetraploidy in morpho- 
logical and physiological characters by Muntzing (1948) in barley, Kuckuck and 
Levan (1951) in linseed and by many others, drew attention of the breeders to the 
importance of broadbasing the tetraploid brmling programme by including a large 
number of diploids to start with. It has also been shown that by selection among 
the progenies of the tetraploids, considerable improvement could be made. To 
date, greater successes in polyploid breeding have been obtained in cross fertilized 

VOL. 26, B, No. 6. 



2U2 


NIRAD K SEN AND A. K. GHOSH : STUDIES ON THE 


plants owing to the heterozygosity of the material red clover (Levan 1942), steel 
rye |!Vtmitzing ihul) teing outstanding examples. Similarly recombination breeding 
has given promisirig results in autogamous plants as in flax (Kukh 1943), barley 
{Muntziug 194H) et<;, 

A project fur inducing tetraploidy in several varieties of kharif (summer) and 
raf>i (autumrjj gn^eri gram was undertaken. An evaluation of the dosage in 
inrhieing eolchipluids, the effects of tctrapioidy on different morphological characters, 
fertility, karyology and the results of hybridization are given in this paper. 

Materials and Methods 


Fotir kharif vari(‘(ie.s~ 28, KB (>, 444LD1, Chinimung and two rabi varieties 
- Bit 3 and Hoiianiung from our genetic stock (fk>n and Ghosh 1959) were selected. 
1'hey were grown and t related in their respective seasons. 

vSoaked set‘<lrt were treated in atpieous solution of colchicine after removing 
th(5 sex‘d coat, in o.oi, 0,25 and 0.5 per cent solutions for J to 24 hours, w^ashed in 
waiter and sprouted in ptrlri-dishes. The seedlings were raised in wooden boxes 
and then tra!isplaut(Hl in fUld. In the seedling treatment, the growing tips of 
a we<'k old s(M-dlings hctwcHui the first pair of leaves were treated through cotton 
f)lug, eov(‘ring the se(‘dling with small pots to chock evaporation. The concentra- 
ti<ins of co]etn<‘itU‘ used wvre 0.25 and 0.5 per cent and the duration varied from 
I “(i hours and rt‘[H‘at(sl for 3 days in a few' cases. 

^ ^ The eff(s'tiv(siess of tin* difterent treatment .s and the dosages have been compared. 
J he heights at ham\st, nunrf)er of nodes and branches, size and thickness of leaves, 
Htomafal size auid freciucncy, (lowering time and flf)wur size, pollen size and fertility, 
uumlK'r of fruits per plant and the number of seeds per fruit and yield per plant 
were recorded and givnm in 'fables I and 2. 

Meiotit5 studi(\s were mad(' in [>ollon mother cells from flower buds, tixed in 
acetic alcohol ( l;3), smean/d in acetoearrnine after mordanting in 4 per cent iron 
alum. For mitotic chromosome preparations the freshly cut root tips were treated 
in saturated sulution of paradichhu'obenzeno for U to 2 "hours in room temperature, 
washed, gently h('at(‘d tor 3s) minutes in a mixture of 2 percent aceto-orcein 
9 pirts and I part X KCl. and stained in 1 per eent aceto-oreein. Photomicrographs 
were taken at X 250 and [uinted at X 1300 and X 1500. 

^ Fur liybridizatu)!!, tknv('r buds due to open the next day were emasculated 
in the evening and pollinated in the next morning. Oil paper "bags WTre used. 

Observations 


romparatitr, Sua:r^^ of St ed and Sadling Trmtments : In all the seed treatments 
swelhng of sprouted roots and hypoeotyl were observed. The root growth was 
ehe(ktHi and recovery took place only iu lower doses. The surviving seedlings 
grew very ^^luwly. tlie tw'o fleshy cotyledons persisted for much longer duration 
the hrst pair of leaves wen* short and thick plaited along the midrib and incurved! 
Ihe second leaf had small rough leaflets, which were variously modified. Even 
with the inaximum cultural care, most of the seedlings died and the surviving ones 
pw^ slowly, remained shorter and flowered later. Each inflorescence was checked 

and pollen sterility. Of the 250 seeds treated in 6 doses 
lot) plants survivixi but only three colchiploids Avero obtained. 

f»,« trofttments, the primary effect was to check the growth of 

the apical bud more or loss proportional to the dose. The first pair of leaves 
tecame larger, thicker and darker green in colour The 
treated plants grew slowly and remained smaller andl the first three leaves showed 
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different types of deformities. Practically all the treatments used gave colchi* 
ploids. The lowest dose 0.25 per cent — I hour gave the minimum number of 
colchiploids, the dose repeated for three days increased the frequency more or 
less proportional to the treatment for 3 hours at a time. The 0.25 per cent — 3 hours 
repeated for 3 days gave about 35 per cent colchipIoidvS, the maximum number 
among all the treatments, 0.5 per cent — 3 hours for 1 day was the next best. 

The progenies of these mixoploid plants, even when raised from diagonised 
tetraploid sectors always had some diploids. In the lines, however, most of tho 
tetraploids could be identified from their general appearance. 

Effects of Tetraploidy : In general, the tetraploids germinated 2-3 days later 
and about 80-85 per cent of the seeds germinated. Laboratory test showed that 
some of the tetraploid seeds failed to imbibe water unless tho seed coat was mecha- 
nically ruptured, viability of all of them being good. The hypoeotyl of tho tetra- 
ploids were a bit thicker and tho first pair of leaves thicker and darker green in 
colour. 

The tetraploids of green gram can be easily identified from the appearance of 
their leaves, which are fleshier and darker green. Fleshiness is duo to increased 
size of the palisade and spongy layers and the darker green colour for more chloro- 
plastids per cell. In size the leaves were reduced, except in the variety BR 3 and 
the Jobing was less pronounced in the pinnatisect type 444 1 -Dl. Stomatal size 
increased and the frequency of stomata per unit area was reduced. 

Tho tetraploids in general grew slowly. Tho height at harvest was loss in 
the varieties Chinimung and Sonamung, more or less the same in 4441-Dl and 
BR 3 and increased in EB fi aiid NP 28. In the last two varieties the total number 
of nodes also was more, while in the others no difference was observed. Tho tetra- 
ploids of the varieties Chinimung, BR 3 and Sonamung produced fewer branches, 
but in the other three varieties the number of branches were more or less the same 
as in the diploids. 

The mean flowering time in days after sowing in half the varieties, where tho 
flowerings in tho diploids were comparatively earlier (26 to 37 days) was later in 
the tetraploids. In the other three varieties, where the flowering was delayed 
till 45th day, tho tetraploids flowered simultenously with tho diploids. 

The tetraploid flowers were conspicuously larger and tho ventral side of 
flower buds split open. In fact, the tetraploid sectors in the colchiploid generation 
could be detected from the flower size and the appearance of tho buds, tactically 
all the floral parts were increased in size, the increase in the standard width being 
most conspicuous. 

The number of total inflorescence on the main axis was not affected, but the 
inflorescence axes were shorter and stouter. Though the number of flower buds 
on the first inflorescence were more or less similar, many more flowers opened in 
the tetraploids. The flowering was also much prolongexi in the tetraploids. 

The tetraploids had more flowers per inflorescence, but the number of fruits 
per inflorescence was fewer. However, even a single fruit could not bo obtained 
in the three plants of the variety Chinimung. Pollen sterility was about 20-30 
per cent and the pollen sizes were highly variable. In addition to the general 
increase in size of the majority of the pollen, a conspicuous feature of the tetraploids 
was the presence of squarish pollen with four germ pores, not seen in the dij^oids. 
About 10 per cent of pollen grains were of this type. The tetraploid ovules were 
slightly bigger, but the number was not affected, n^le most of the ovules matured 
to see^ in the diploid, 50-70 per cent of the tetraploid ovules aborted at different 
stages of growth. 

The tetraploid fruits were shorter and thicker. The number of seeds per 
fruit was fewer, but the seeds were bigger with thicker seed coat, Weight of 100 
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HOf^dn were trtore, but the total yield was less being about 10 per cent of the diploid 
in Sonamutig to about 50 per cent in NP 28. The tetraploids of the three varieties, 
viz. KH b, till I>1 and Sonamung were susceptible to brown spot fungus disease 
which coriHiderably affected their growth and yield. 

in all the diplnids were regular, .showing eleven bivalents at diakinesis 
and lirst rneta])harte. In tlie tetraploids, bivalents were most common, though 
varying nnniber of quadrivalents and a few trivalents and univalents were seen. 
Freqin nr icH of the different types of configuration in the throe varieties are given 
in Tabl<‘ :f counted from 20 clear diakinesis and metaphase plates. 

Table Ilf 
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1 rei ix ions inovnunent of one or two ehromosomes in metaphase and laggin^^ 
o( OIK- or two i-linmiosdiiics wore seen iiv about 10 per cent of the cells examlnecL 
I hoii^h i!iiij(»ritv ol t iio clear plates showed 22-22 chromosomal distribution, several 
plates with ime(pi;d distriliiitiou were seen in about It) to lo per cent of the cells. 
Similar imeiiual sepanition and laggards were common in the, second division. In 
addition to tlio tetrad-s, pentads and lie.vads were seen, the freiiiieney of the polvspored 
cells was ahoiil lit to lo per cent. t . i 

■ ""h'lie ehromosomes were small, mostly with submedian primary constric- 

tion. I lieri' were tw'eiity-t wo chromosomes in the diploids and forty-four chromo- 
somes m the tetraploids. 

IIi/hri,lni!.t,(»i : To study the extent of isolation of the tetraploids from the 
dip .Mds and also to produce tnplouLs, if possible, attempts were made to cro.ss 
(liploid.s and tetraploids reeiproeally in the three varieties NP 28, EB « and 4441-01. 

l"■T'‘ female parent no fruit wa.s set, 

but when the tetraploids wore used as the female parent young fruits developed 
n )out _0 per cent of the crosses. .Vlong witli the fruits the ovules grew', but nmst 
of the fruits were slied off, when they were about .‘1 to 4 era. long 

fruits anil "‘'‘ m' ‘ '‘T ^ Chinimung gave more 

f 1,!.^' I ^ parents, and that of the cross NP 28^ y 4441-Dl 

I lie y>eld was mtermedmte Mween the two parents. 

watnr ^ range in yield, but as a portion of the field was 

taken not grow well there, no record of jdeld data was 

no^ fniit 0 ’sfi ne/ « ^ 28 ,x 4441-01, 16.2 per cent bore 

n mnt, b48f) per cent had few fruits, and 18.92 per cent plants had a aond 

plank*' of’ the en4.s*?^^^ diploids. Out of the 52 

in yield flow far "the ene‘ ' * P*r cent plaints also surpassed the diploids 

tbis^ Pi tn i« ^ \ onv ronmental factors are responsible for good yield in 

the^i Diams vieH ® tetraploids and wbethe? by Election 
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Diploid and totrapoid branches in a treated plant. 2 and 3. Diploid and tetraploid plants of E.B. 
and 5. Diploid and tetraploid plants of N.P. 28. 6. Diploid and tetraploid plants of 4441 D 1. 
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^l(i.s. /. Uif.Ioid and IrtFiiploid {)hi!U.s of (’liiiiimuii^. S. and !». Snl.Mt i<.n from h\ ^n-norat ion of tlio noss X I* 
10. i^.fToct of trapliuriy on loaf lofnn^r m 4441 D 1. 11 and Il>. Soet ions <d d iploid and toiraploid 1 » 
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Discussion 

Attempts to induce totraploidy in six varieties of green gram tJirough seed 
treatment were practically unsuccessful, as reported earlier by Kumar and Abraham 
(1942), even though a much wider range of colchicine concentrations and periods 
of treatment were tried. Though there are some examples of success through 
seed treatment in legumes as in gram (Rainanujam and Joshi 1941) and in Trifolium 
pratens (Bragdo 1955), it is not a suitable method for inducing tetraploidy in pulses 
(Sen and Chedda 1958, Bhowal 1958, Vidyabhnsan 1959). The failure of the 
swelled tap root to grow and the nondevelopinent of the lateral roots arc the 
common causes of failure of seixi treatment in green gram. 

On the other hand, all the seedling treatments with different concentrations 
and exposure periods, gave one or more colchipioids. It seems that treatment of 
the apical buds of the seedling is a suitable metluMl for inducing tetraploidy in 
large seeded legumes as has been observcMl by {r?traub (1949) in pea, Kumar and 
Abraham (1942) in green gram, Sriveastava (1955) in six varieties of gram, Ren and 
Chedda (1958) in black gram, Bhowal (1958) in cowpea, Vidyabhnsan (1959) in 
cluster bean, horsegram and soybean, and Sen and Mariiniithu (1950) in broad beau. 

As expected from the treatment of a multicellular apical growing point, chimeraB 
of diploid and polyploid sectors were produco<l in most of the affected plants. 
Totraploid plants could only be recovered from the next generation. 

Considerable varietal difference in the effect of tetraploidy on the six varieties 
of green gram on several characters was seen. The fleshy dark green leaves of 
the tetraploids were smaller in the varieties EB 0, 4441-1)1 and Ronamung, but 
had the same width thoguh shorter in Chinimiing and was slightly larger in BR 3. 
The increase in thickness was insignificant in Ronamung, but was appreciably more 
in all other varieties. Dennan (1940) concluded that as ehromosomo doubling 
affects the size of plant parts through the effects on cell size and cell numbers making 
up the part, the totraploid parts will be larger if with the increase in cell size 
the cell number is not reduced. As practically all cells of the leaves of the tetra- 
ploids were larger, the redaction in size in some of the varieties is likely to be 
due to the decrease in cell number making up the leaves. 

The tetraploid plants in all the varieties grew slowly, a general characteristic 
of the autotetraploids. The slower rate of growth has been attributed to several 
factors like reduced rate of cell division, and smaller amount of growth hormone 
present etc. The height at harvest was loss in Chinimung and Ronamung, more 
or less similar in 4441 -Bl and BR 3 but more in EB 6 and NP 28. The total 
number of nodes on the main stem was more in NP 28 and practically unaffected 
in the other varieties. The number of branches were unaffected in NP 28, EB 6 
and 4441 -Dl, but was reduced in Chinimung, BR 3 and Ronamung. 

The general delay in flowering due to tetraploidy was seen in the three early 
flowering varieties, but not in the other three where the diploids flowered later. 
Giganticism in practically all the floral parts of the tetraploids, the organs of limited 
growth, was very conspicuous. The tetraploids can be identified from their flower 
size alone. Though the number of flower buds per inflorescence axis was more 
or less the same, many more flowers opened in the tetraploids and the flowering 
period was considerably prolonged. 

Compared to the autotetraploids in general, the percentage of the empty pollen 
was not very high in green gram tetraploids. The pollen grains were larger, variable 
in size and about ten per cent were rectangular in shape with four germ pores, 
the diploid pollen being triangular with three germ pores. The number of ovules 
was unaffec^, but a large number of them degenerate at diffemt stages of growth* 
Fruit setting was reduced and also the number of seeds per £rmt. var. 



2»8 


KIKAI) K. 8EK AND A. K. OHOSH : STUDIES ON THE 


Ohiuimun^i: faikvl to net any fruit, and the var. XP 28 had the maximum number 
of fruit<^ and Meeds f)er fruit. The size of the seeds and weight of 100 seeds increased 
in all thf^ varirties, hut (ould not compensate for the reductKl fruit number, thus 
much lowered H^‘ed yields were oldained. The jield was less than ten per cent of 
the diploids in Souamung and about fifty per cent in XP 28. 

1’he /unnher of (juadrivahuits in the tetraploids of green gram was quite low 
with an actuate of LO to LH per cell in the diferent varieties; the trivalents and 
univalents win* still hwv(‘r. Other irregularities, such as precocious movement, 
uruMjual sw^paration and laggards did not exceed 1 5 per cent of the cells examined. 
Mieromiehu arel j)f)lyspor('s wen? seen in lO to lo per cent of the tetrads. Irregiilar- 
itu's in rriciosis of tlu^ HUtofetraploids, according to ])arlington (1937), arise mostly 
from the forfnati(>n of rnultivalents during synapsis. Kostoff (1 940) found that the 
HUtotetrapIoids of specues having small chromosomes tend to show' fewer ' irregular- 
ities he(‘auHe of reduced multivalent formation due to lower chiasma frequency. 
The green gram chromosomes are small and thus pairing in twos is expected at 
the tetraploid lev^cl and reduced m(‘iotic abnormalities. 

Muntzing (1930) cited some examples of autotetraploids with small chromo- 
Homes and hivahuit synapsis that are quite sterile and others inspite of multivalent 
association are highly fertile. Though meiotie inegularities play a big role in 
hringing about sterility in the autotetraploids, the more plausable explanation for 
the sterility is due to the upset of the genetic balance brought into the diploids of 
the oultivatccl plants tlirough s(*lcotion f(»r generations. Parthasarathy and Rajan 
{195I1) suggest e<l that the gen(‘tic unbalance due to chromosome doubling may be 
toned u{i by suitable bre<‘ding nu^thods and they succeeded in improving the 
ffTtility ill the Hutotetraj>loids of Hrofisiea carnpff^triH var tor in by mass, pedigree 
sch^'tion. Selection alone in cross fertilized plants and recombination breeding 
in autogamous plants bavf' given encouraging results in improving fertility of several 
tetrapl)id plants. In greiai gram too. Sen and Murthy (I96t)) found considerable 
iuereaw' in the si/(> of the leaves, height, number of pods per plant, in the auto- 
tetraploids, iM'sides increased protein content due to tetraploidy. How' far hydridiza- 
tion and selection are going to increa.se the yield is to be seen and some of the Fg 
plants appear to bo promising. 
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STUDIES IX THE PROTEACEAE 
}. Tkibe Pbbsoomeae 

hij U. V enkata Rao, Departmeni of Botany, Andhra University, Waliair 
((S)mmunirated by A. C. Joshi, F.N.I.) 

{ Hi Cf irf'd Ff hnmry U\ read May 6, WGO) 


Abstract 

Morplujloj^'icnl floral aiitttotui**al. (iiiihryolo^iral auti oy tolo#<ical (whoro fresh material was 
aviiilahle) hav*' ho*’.ii fuacio lu ti i^onoru ami 25 species of the tribe Persoonieaif: and tlu? 

(lata iiave lM“ ti jiiado of in tliM< UHsing tlv> intor-relationships among the genera and tin* 
♦’vobif lonary tr^Mids witluii tie* tribe. 

1i»ltt‘)uU‘nn r>) and f^t r/ioonui. {rt 7) are the must primitive and the only diploid 
getjera ill the tamily. The remaining genera {^Sifmphyoyienut n ~ 10; Cetmrrhenes, n3=;14; and 
iimhiiunK e 14) seem to be teirHf>leids on baft«‘s 5 ami 7 re.spectiv oly while Afjastachys (n=r=13) 
Me*-ins to \h) a hypoploid. 

'fho elose Htrnilarity bet\«(Mirt tin* Anstraliaii and t^xtra-Australian Porsoonieae points 
to a eomition aneestry for them. Due to sjieeies eoneentration and j)re8€mco of the two diploid 
genera in Kast Aestralia, (he latter is ('ou.suhu'tMl to Ik' the probable centre of origin of the (ribt^ 
wherefrotii anee.Mfral atoeks si'ciii to have migrated to other land iiiasses. 


ISTHODtCTION 

'riie family Pniteateae i()m{)riHes dll genera and about lAbO species of trees 
and shnibs, vvitb exslipulule, siinph' or com^Kmnd, alternate or sometimes oppo.site 
(»r v\horled heaves. Many specie.s show xeroinorphie features. The flowers occur 
singly or in groups in the axils of bracts in the subfamily Persoonioideae, in pairs 
in the (irt'villoideae, and form racemose inilorescetices. They are hypogynous, 
monoehlamydeous, 1-tnerous and regular or zygomorphie. Though they are 
usnally hermaphrodite, partial male sterility, gynodioecy and dioccy are noticed 
in a few gciu‘ra. 'fhere are four valv^ate tepals which are sometimes petaloid 
and (‘onnate. TIntsc are antero- posterior in all Persooiiioideao and the relatively 
primitive Urevilloideae, hut diagonal to the bract in the more advanced genera of 
(h(' lattt'p. 4'lie four stamens arc antetepalous, 4-loeular, epiphyllous and introrse, 
ex<(‘f)t in (\)nospermeac in wliich they are 2-locular and extrorse. In Stirlingia 
and C^onospermeat', the anther loeuli are eonnate. In several members there is 
a hypog\ lions nectary with 4 free alteniitepalous lobes; thcvse are sometimes fused 
iidi) a cup and in the more advanced genera, the nectary becomes zygomorphic 
diu' to the suppressiim of one or two anterior lobes. The pistil is monocarpellary 
and .sti[)itate or sesvsilc; the style is either straight with simple, terminal stigma 
or (‘urvt^d with a lateral stigma situated at the middle of a discoid pollen collecting 
apparatus. The ovary liears either 4 or more ovules on marginal placenta, or 
tw'o or one pendulous, lateral or basal ovules, the micropyle of which faces the 
l>ase of the loculus. The fruit is indehiscent in the Persoonioideae, being a nut, 
drupe or s^imara; in the Grevilloideae it is usually a follicle with winged seeds. The 
seeds are mostly non-endospermie. 

The large majority' of the living Proteaceae are confined to the southern hemi- 
sphere; species of Protea and Fanrea extend into temperate Airica. Helicia is 
the only genus of which a few species extend as far north as South Japan (Map I). 
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Robert Brown (1810) divided the Proteacoae into two sub-famili6s» the Nuca» 
nientaceae and the Folliculares; ho divided the former into 4 tril>es and tho latter 
into 3. Bentham (1870) accepted this classification since it was also in keeping 
with the geographic distribution of tho family : the first sub-family occurs in^S, Africa 
and second in S. America and both sub-families occur in Australia. Englcr (in 
Engler and Pi'antl, 1894) while accepting Biwvn’s (classification in principlo, altered 
the names of the sub-families into Persoonioidcae and Grevilloideao respectively. 
Engler's views regarding evolution within the family are represented seheniatic^ally 
in Fig. 1. 
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Fio, 1. — Evolution within rrotoaooao according to tho views of Englor. 


Recently Sleumer (1954, 1955<z, 19556) published some taxonomic accounts 
in which ho redefined the limits of some genera of old and new world Proteaceae. 
He accepted, however, the classification of Engler and made no attempt at rede- 
fining the tribes. About 159 species have been added to the Australian Proteaceat? 
siiice Bentham’s (1870) account (Mr. J. If. Willis of Melbourne Herbarium in a 
personal (jornmunicaiion) and new .s[>ccies have been reported also from America 
(Jose, 1950). The followijig genera have been added since Engler’s publication : 
Hicksbeachia (Mueller, 1883), Miinijravca (Mueller, 1890) llollandam (Mueller, IS99)> 
Flacospermum (White and Francis, 1923), Atisiromadlera (White, 1030), Opidholepis 
(Smith, 1952) and lIeliciopsi,s (Slounier, 19556). The systematic position of Maeqravea 
and Ausiromuellera has not been fixed by their respective authors. 

There is much diversity of opinion regarding tho taxonomic position of tho 
Proieaceae. Bentham and Hooker (1802-1883) include it in tho series Daphnalcs 
of the Monochlamydeae along with the families Lauraceao, Thynielaeaccac, Elaeag- 
naceae and Peiiaeaceae. Engler (1894), Hutchinson (1920), Rendle (1952) and 
La^vrence (1955) place it by itself in the order Proteales. Lawrence (l.c.) summarises 
the opinions of the various taxonomists regarding the phylogeny and affinities of 
the family as follows : “Hallier accepted Engler’s view of primitiveness of the order 
and considered it derived from his Proberberidaceae. Bessey expressed doubt 
as to its relationship and placed it in the Sapindales as phylogenetically more 
advanced than the amentiferous families also assigned to the Rosales. Rendle, 
following Engler, placed the order between the Urticales and Sai)indales noting 
that it was difficult to associate it phylogenetically with other orders. Hutchinson 
considered it a terminal taxon derived from stocks ancestral to the Thymelaeaceae”. 
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J,Hwr< nf hiins<-ir is of iho opinion that the order is not basically primitive though 
it ciuuifit v< t !»■ closely related to any existing order and concludes : "these views 
are diveri'eiit and are evidence of the need of much further study on the pliylogeny 
oi tin* ^»nlrr' . 


Phevioj ^ WOKK 


and t(‘rtiarv HUpposed to belong to the Froteaeeae, have 

bera iVoni diib reat jt.trls <*t lh<‘ world iu(;liidia^ (ircoiilaad in the north 

and i b.diafalaad isi ihe^oath. Ivausik reviewt:d the previous literature on 

♦ ho subj»'<’t . tluai, Sinipsoa luis roportod polhai ot Fdurtd^ Peirophild and 

Ldif ht rlid IVofti ifu* "l\‘rtiar‘v ot Srotliuid (Walton, 105.'!). Cookson (19o0, 1959, 
I95<)), ( )ool; ;on and Diiii'Hai (’ooksonand Pike ( 1954) and IMke ( 1953) have 

deis<*ri fx'd pi nf oa<*t^riir; pollen arid Irnits ol IhinkHin- from 35*r{iar\' of .Vustriilia. There 
IS st ill nnn h eoni rovf'rsy re:,^ii-rdiri;i tlu' ocf-urrenee of fossil Proteae{‘ae in the 
nortluM’ii luanispheif 3’his topic will be efnisklered lattr in an artielc dealing 
with tin* origin of the fiunily. 

('hromosonn^ nninlx'rs b.ivo been <h‘t<ninined in S African genera by de Vos 
and about 15 Australian genera by Laneaster, and Blackwood (ef. Brock, 1954, 
and Ilarlinglon ami Wylie, 1955). 

('ha.ttawa\ (l9lSn, I91H//) has sindied the wotal anatomy of about 39 genera 
of tfie family, 'i’he uood oi hiUfi'.sia and hniandm whieh form a very natural 
trifte, tin* Banksieiie, is no! only (list inct i vi' from that of other trib(*s of the family 
hilt uniipie in showing radiallv aligned vascular tissue in the rays. Ohattaway 
opiru's (in a fMasomd eominunieat ion) that in other tribes it is difficult to describe 
(he worxl as piimitive or evolved <>r distiiurti ve. 

Kansik { l93S/e 194t)u 1911) st udied f lu' floral anatomy of Macadam ia tcrnifolia 
and (irrrifint and (ame (o tlu' eonelnsion that th(^ perianth in the 

fatnily repn‘S(‘nlH tin* (ulyx and that tin* nectary is homologous to the corolla whieh 
is on tlu' ot t'xiinetion, 

Urnlirvologieal sfudit's in t lu> family arcMUcagre. Development of the gameto- 
phytes lias bisui sindied hv Ballantine (1999) in Protra le pidocarpon, Messcri (1928), 
Brough (1933), Kausik (l93SfA) in specie's of (Jrerillra, Kansik (1940) in Hakea sallgmi 
and l»y tfordann (1919) and (nirsidt' ([949) in Braftcinm strUatifoVunn, 

B('rrv (1919) from fossil evidmiee'. Laiusister (1952) from (\vtoiogical studies 
and faw^vnns (195S) front e study oftlie ph ytogeogra[)lde distribution of the African 
ProtiMici'ac, favour a uortlu'rn origin of tln^ family and its southward migration. 

Due to th(‘ meame eyt(4ogi('al. ilr>ral anatomical and embryological studies, 
the Prot(‘aet'ae rtmiains om* of the itu’ompU'tely understood families of angiosperms. 

The f(9lovving points n'nuin* elariticaition : 

(a) Morphdoifiral : Are tlu' llowers in IVoteaceae primitively monochlamydeous 
or simple dm* to reduel iou^ Wluit is the nature of the perianth and the 
morpliology of the nectary^ What is (he significance of the arrangement 
nf tlu* llow(*rs regularly in f)airs in fJrevilhmieae' 

(h) Taronomir : Kow tar are the tribes as at present constituted natural 
and homogeneous^ Do all genera known to date fit into the existing 
tribes ^ What are the evolutionary tendencies among the tribes and within 
tlie family? 

(c) PhitUvfnu'tic : Is the family moiiophyletie or polyphyletic? Monotopous 
or polytopous? What are its affinities and evolutionary potentialities? 

(d) Disfrihatiotdtl : H<nv is the present disjunct distribution of the family to be 
accounted for? Dot^s the present day geographic distribution or geologial 
history throw any light on the lime and place of origin of the family? 

In a previous article, the writer (Venkata Rao, C. 1957) postulated the criteria 
of t;^xononiic value made use of in the ‘revision of the family by him, and also 
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Table I 
MaieriaU Mudied 




Total 

Geographic 

Species 

Souroo 

No. 

Genus 

no. of 
spocioa 

distribn. 

oxainuiod 


1. 

Belletvdena Br. 

1 

Tasmania 

B. moniitim Br. 

! Tiismania 

2. 

Persoonia Sm. 

72 

C.43 East 

P, virgaia Br. 

F.H. Mr. L. 8. 




Austr. 

Smith, Quotmsland 




C.27 West 

P. nutans Br. 

N.S.W., R.H. 




Austr. 

P. salicina Pors. 

do 




2 Tasmania 

1 Now 

P. femujinea Sm, 

do 




Zealand 

P. myrtillouies Sioh. 

do 





P. ojcycoccoides Sioh. do 





lameolata Andr. 

iN.fi.W. 





P. jnnifolia Br. 

IN.S.W. 





P. linearis Andr. 

N.S.W. and 

Vio. R. H. 





P. charnaepcnce. 

N.S.W. U.II. 





Lhotk. 

P. riguhi Br. 

do 





P. caleyi Br. 

N.S.W. and 

Vic. R. It. 





P. microcarpa Br. 

West Aufl. R.H. 





P. longiJoUa Br. 

<lo 





P. saundersiarui Kipp. do 





P. saccata Br. 

!do 





junijKrina Labill ITos. 





P. gunnii Hook.f. 

!Tas. 





P. torn Br. 

H. Now Zealand 

3. 

Cenarrhenes Labill. 

2 

1 Tasmania 

1 Now 

0. nUida Labill. 

iTaflinonia 




Caledonia 



4. 

Agastachya Br. 

1 

Tasmania 

A. odorata Br, 

ITasmania 

5. 

Symphyonerm Br. 

2 

N.8.W. 

S. paludo8U7n Br. 

R.H. 




S. ynontana Br. 

H. Melbourne 
Herbarium 


6 . 

Beaupreu Bronc. ©t Gris. c.8 

Now 

B. panieulaUi 

F.M. Inspector of 




Caledonia 

B. pancheri 

Forests, Noumea, 
Now Caledonia. 


7. Oamieri-a Brongn. efc. Gris. 1 Now Nil 

Caledonia 

8. Dilobeia Thou. 1 Madagascar Nil 

9. Brabeium L. 1 S. Africa Nil 


Ahbreiriations used : IcoUectod by iho writor; R,H.=liodway Herbarium; material* 

H=horbarium specimen; N.S.W. =Now South Wales, Vic,— Victoria. 


gave a synopsis of the new classification. In the present studies he proposes to 
describe his observations on cytology, morphology, floral anatomy and embryology 
of a large number of members examined and discuss the various problems posed 
above. 


r. V1S?TKATA KAO ; STUDIES IN THE PROTEACBAE 
Materials and Methods 




Tlio pres(‘nt Btiidies were made on fresli material collet ted by the writer during 
his Slav and tour of Tanmaiiia and Australia and also laaterials obtained from 
otft(‘r sources whit h are acknowledged belovc. Where fresh material w as not available, 
herbarium material was used for morphological and floral anatomical studies, iho 
genera. mimlHT of siK^cies in <‘ach genus, their geographic distribution, the species 
cxarnineil and tlicir source are given in Table 1. ... , 

For cytological studies, acetodaemoid smears of flower primordia, root tips 
and young anthers were ('xamined. Mierotome sections staine(l Jn Oryslal \ iolet 
ac(MHding to the schedule given by Darlington and Laf’our (IICm) were also used. 
For flora! anatomical and embryological studies, materials fixed in formali?i acetic 
alcohol or even in 70 p(U‘ cent alcohol w'ere used with salisla('tory results. Dclafield 8 
fliieinatox ylin, Safranin and f^ist Green or (’ryslal \ iofid and Drythrocin were 
used as stains. For a study of endosperm haustoria whok? mounts wine made 
aeeonling to the metlunt given by Kausik (I9.‘IS, 1912). Studios in anatomy of 
vegetative parts wrr<‘ also made in a few' eases; l)uth microtome and free hand 
M(‘CtionH, stained in Safranin and Fast ( Jreen wviv used. 

Where herbarium mat<*rial w'as us<*d, it was soakcal ovcuiiight in b per cent 
teepol solution h»r inorphologii-a! investigations. For mi( roto’nine. tlie material 
w’as kept in 1 [ler c(*iit solution of caustic soda at oO (’ for 12-21 li()urs, waished 
thoroughly and then tn'ated like Ireshly fixed material. 

(jVI'oI.OOY 

'fhougli llontham (bSTft) (kserihed the stamens in IklhiKhna monkina 
‘all p(uf’rct\ the w'riter noticed that it shows a gynodioccious system of sex distribution 
i.(\, tiu* occurrence of male sterile (functionally female) and hermaphrodite ilowxTvS 
on s(^}iarate plants. IFnlike in the gynodioeiuous species of New' Zealand Fuchsia 
(( kMlloy, Iboo), the flowers in Belh ndena are morph(»logicaIly indistinguishable. In 
1h'<;teH(‘ea(‘. fuirtial male sterility (i.e.. sterility of one or more stamens of a flower) 
is uotiood in Frrsoonia hnkcarforuns, Adevanthos sp., Sjfnaphm, ( Umospermumy 
Flams pt rinuui and Vrotca sp. and dioecy in Lcfuyidcndmn and Ildiciopsis, but 
Htlkndcna is so far the only member in wdiicli gynodioecy is reported. 

A study of populations of Bdlendcnn growing on Mt. Wellington and Mt. Field 
National Park showed female percentaires ranging from 31.5 to 48.0 as showTi in 
Table 2. 

Tabi.k If 

Gynodioeep in Bollendena niontana 


No. Locality 

Malo storilo plants 
Number Percentage 

Total popula- 
tion studied 

1. Mt. WoUin^on/Sumniit 

4ft 

45.0 

100 

2. do First Marsh 

40 

34.6 

115 

3. Mi. Fiold National 




Park-Dolwon Huts 

47 

37.7 

135 

4. ilo Wombat moor 

59 

48.0 

123 


Gynodioecy ivS a stable genetic system which promotes outbreeding since the 
female flowers must necessarily be fertilised by the hermaphrodites. It is reported 
in several unrelated familes of angiosperms viz., Acanthaceae {Sautkra hortensisy 
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Colnpasiteae (Oircitwi oleraceum), Ii?),biateae (Origamim vuUjare) and Gramineao 
{LoliuTn perenne), Allen (1940) believed that gynodioecy iB derived from herma- 
phroditism and is transitional to dioecy, but Lewis (194:}) considered it to bo an 
independent sexual system and not a stop towards dioecism because in Labiateao 
which contains about 90 per cent of the reported gynodioeoious specios> there are 



Figs. 2-18. — Figs. 2-9. BeUendeiia monta^ia. Fig. 2. Mitotic metaphaae plate from 
section of root tip, c.v. stain. Fig. 3 Mitotic metaphaso plato form smear of root tip after cold 
treatment; note bandod appearance of the chromosomes. Fig. 4. Lato prophaso from p.m.o. 
Fig. 5. Metaphaso 1 showmg terminal association and precocious separation of homologues of 
a pair. Fig, 6. Lato anaphase I showing formation of a fragmwit. Fig. 7. Telophase I 
showing division of fragment into chromatids. Fig. 8. Auapliase II showing formation of a 
fragment. Fig. 9. Apolyadof micrcspores. Figs. 10 and 11. Peraocnia jumperina* Fig. 10. 
Amitotic metaphase plate from tfepetal oeU. Fig. 11. Metaphaae I from p.m.o. Fi^a. 12 and 
13. P. gminii. Fig. 12. Metaphaae 1 from p.m.c. Fig. 13. Late anaph^ II. Figa. 14-16. 
Oenarrhenes nitida. Fig. 14. Mitotic metwhai^ plato from a tapetaloeU. Fhm. 15 and 16. 
Fropbaae I and Metahh^ II from p.m.o. Figc. 17 and 18. Agastackya odorata. Fig. IT. Mitotic 
metaphase plate from cell of fbwer primordium. Fig. IS. Metaphaae I from p.m.c. 
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i\ii flioetdoiis species at all. From the classical exjK^riments of Correns (1928) which 
showed that both the females and hf?rmaphrodites brecMl true, it was believed that 
)t<yti<Klioe< ism is imder Urn control of a f>orinaiient (‘ytoplasmic particle or plasmagene. 
However, from a stu<iy of the |juree<ling system in Origanum vulgare, Lewis and 
(/n)wc (Dod) (‘omhidf^ that gynodioeclsm in this sjR^cies is controlled by two 
independent genes. 

The chroinoHorne nurnbem in Bvlb nib na montana as determined from squashes 
young anthers a?id root tips arc and Id. The chromosomes range 

from in length and arc relatively thick (Fig. 2). One x)air is distinctly longer 
than the rest and slunvs a Hub-rnodian constrict ion; one pair is short and the rest 
intcrincdintc in size. Xo secondary couHtrictions or trabants are noticed. Hueh 
Him[)l(^ karyot vfM's are usually seen in primitive j)lants. Cfirornosoines of the root 
tips aftCT 24 hour.s of coM treatment at d (" showed a ))anded aj^pearance suggesting 
the pres(uu c of hetena hroinatie segments (Fig. 8) as Smitli-Wliilc (1955) also found 
in/ vC n r.f) pogon j u n i />r ri n //.*< . 

fn tlie majority ol‘ tlu^ p.m.e, pairing and disjunction of chromosomes are 
maunal and I -4 ihiasmata are not iet^d in each bivalent (Fig. 4). The X-ta frequency 
obtairu^d from a tsuint in Id ec'lls t liosen at random is 2.1 per pair. In less than 
1 per cent ot th(‘ cells, one pair of chromos(>mcs shouavl irregular pairing which 
rangf^d Inuu a slight t( rminal asmxuation and precocious separation (Fig. 5) to the 
absence' ol pairirig. fn a few (‘uses a chromosome hriflgo and a fragment are noticed 
during ana[)hase I or II (Figs d ami H), whicli show that oiie of the pairs is hetcro- 
zygotis for an iuvt'rsioji. The fragrmmt forms micronuclei and supor-numerary 
inicroHpores ad{'r or without division into chromatids so that polyads with 5-7 
micros()orcs w(‘rc notic<'d (Figs. 7 and 9). The spores formed by the micronuclei 
and tfiose formed by nuclei (l(‘tici<‘nt in th(‘ full cliromosome com})lement give rise 
to sterile' [lolhm grains. These form less than Id per cent of the grains of fertile 
antlmr l(»culi. Lawson (I95d) re[)orted the occurrence of larger percentages of 
sterile polh'n in several maii\land species of tlu' Ih'oteaceae. 

The chromosome numbers inj Ptrsoonia gun nil atid P. jnniperinn as 
<letermined irom s((uash(‘s of young anthers, are // 7 and 2?/ “14 (tapetal cells). 

4 he chromosomes are relatively thicker and longer than those of IMhmdrna and 
showed no sccoiulary constrict ion.s or trabants (Fig. Id). Pairing and disjunction 
of chrouiosomcs are normal (Figs. 11-12). Lancaster (1952) reported the same 
numbers in .scune mainland species of Per,^(X)ni<t. She also found that a secondary 
const ri(4 ion (X’curs in one of the pairs near to the centromere. 

Smears of the p.ma*. of ( ^( narrhene^s nifida showed 14 bivah nts and tapetal 
cells showed 2//— :2S (Figs, l l-ld). The chromosomes are short and some>vhat thick. 
Meiotic divisions proceed iu)rmally. 

In Agastachy.'^ odorata the ehromo.somo numbers are n^Vi and 2n^-^2i\ (Figs. 17 
and IS). The m(H)tic divisions pnaeed normally. The chromosomes are thinner 
than those oi fhUendena and more elongated than those of Cenarrheyies. 

iNFI.OUESCENt’E .VNl) FlOWER 

In Si>veral s{>ecies of Persoonin (e.g., P. ma'uta and P. juniperina), the flowers 
are solitary axillary and diffusely seattei-ed (Plate XMII, 8, 9). In P. pinijolia 
they are aggregated into terminal racemes in which region the leaves are small and 
bract like (Plate XVITt, Ki). In Symphyonemn and Beavprea the inflorescence 
is a lax j>anicle.'f (Plate XVII, 6: Figs. 30 and 42), while, the spilves are more 
cUwly clustered in Cenarrhene and Agastachys (Platen XVII, 3, 4, Plate XVIII 7). 
It is a simple mceme in Bellendena (Plate XVII, I, 2). 

The flow^ers are ebracteate only in Bellendefia. The young inflorescence is 
covered over and protected by a group of bud scales (modified leaf bases) which 
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are left behind as the inflorescence elongates (Pigs. 11V22). In other genera there 
are relatively large and persistent bracts (Pigs. 37, 39, 44 and 46). 

1 he flowers in all genera are aetinoinorphic (cf. Fig. 26). They are ^ygomorphic 
only in Picnosfyhs section of Per, mourn (e.g., P, sau ndennaim and P. mcceda) due 
to the presence of saeciU-e perianth and curved stj^le (Pigs. 30-33). In Bellemkm, 
Pcrsooma and Agastachys the flowers are glandless. In other genera there is a 
hypogynous nectary with 4 alternitepalous, vaseularised lobes (Figs. 27, 29, 38, 
40, 45 and 47). The stamens arc free from the tepals only in Hellemlena (Figs. 23) 
and 54). In all other genera they arc adnate to the bases of tepals (Figs. 25, 31), 
In Symidiyotiema the lilairients x\ro connate at the top (Fig. 44). In Agmtachys, 
Syniphyouernd and Aniblyantheni section ot Persoonia, the stanuMiH are non- apioii late 
(Pigs. 25 and 28), In other members they have prodm^ed <H)iineetives (Pigs. 31, 
32, 34). In iUvimrrhenes niiida ami Beauprea paniculata, the connective of the 
posterior stamen is elongated and tapering (Figs. 46, 110 and 122). In Belkndem 
and Persoonia the ovary is stipitate. It is sessile or nearly so in t)ther members. 
There are two orthotropous pendulous ovules in Belhndena (Fig. 24) Persoonia 
and Symphyomma, In other genera there is a singk‘- ovule jier carpel, which is 
pendulous in Cenarrhencs and Agastachys and lateral in Bcauprea (Fig. 38). The 
style is terminal and stigma simple (Figs. 27 and 43). or hook like (Fig. 35). In 
Agastachys it is 24obcd (Fig. 41), The fruit is a l-socded achenc in Bellcndena, 
a succulent drupe in Per, mania and Cenarrlum,^ (Plate XVII, 5; If, 9, 10) and a 
samara in Agastachy,^ (Figs. 270, 271). 


OllGANOOENY 

The tloral organs arise in acropctal succession (Figs. 48-51). The margins 
of the carpel fuse iiieompletely in the young ovary (Figs. 52, 53, 156 and 157). 
The line of fusion remains distinct for some time (luring the growth of the ovary 
(Figs.' 62 and 72). 


Floral Anatomy 

In Aga,^iachy'^ the stele of the pedum*le is 3 angle(i. Since the vascmlar supply 
for the flowcTs is abstricted from each ot the ridges (Fig. 100), the flowers stand 
in three vertical rows. The brac^t is 1-traccd in Per.monia and Beawprea (Figs. 80, 
111 and 117), and 3-traee(l in Syrn/phyonema, (Jenarrhenes and Agastachys, The 
traces cause separate gaps in the lloral stele (Figs. 90-93). In (Jennrrhenes, unlike 
in Agastachys the bract laterals depart earlier than the bract midrib (Figs. 101, 
103, 123-li5). 

The pedicel shows either 4 vascular bundles as in Belhndena and Bcauprea 
pancheri (Figs. 55 and 117) or a ring of more than 4 bundles or a siphonostele 
as in Persoonia sp. which breaks up into 4 arcs (Figs. 67 and 80). In Symphyonema 
there are only 3 vascular bundles at the base of the flower which increase in number 
by splitting in the thalamus region (Figs. 88-90). The flowers in Belhndena present 
the 8impl(3st structure anatomically. The 4 bundles of the pedicel bend outwards 
in the thalamus; strands are given off from the margins of the lateral and anterior 
bundles (Figs. 56 and 57). These bend inwards, fuse suitably and reorientate as 
3 carpellary traces (Fig. 58). There is no branching of the bundles in the ovary 
wall or pericarp. The 4 peripheral bundles divide? tangentially into 2 each. The 
outer bundles thus formeci function as the tepal traces; each expands tangentially 
and divides into 3 bundles, which traverse as the midrib and marginals (Figs. 68-60). 
The inner ones function as staminal traces; these are concentric for most part and 
quite free from the tepal bundles from the base (Figs. 60 and 61). The ventral 
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carpellary bundles give off ovular traces (Figs. 62) and fade out towards the base 
of the style. The dorsal bundle extends to the top of the style and becomes asso* 
ciated with patches of sclerenchyma (Figs. 63 and 64). The core of the style is 
filled with glandular transmitting tissue (Fig. 65). 

In other members studied, though the florai structure is (essentially similar, 
some variations are noticed. The te^ials are an tero- posterior in ail Persoonieao 
studied. In Persoonia and Beaupreu jmn^^heri, the tepals are 3-bundlod as in 
Bellende^ia (Figs. 68-70, 76-77, 82-86, 118-121), In others the tepal trace traverses 
the tepal without branching (Figs. 93-96, 98, 102-104, 109, 115, 126-128). The 
staminal trace is usually organised as a pair of bundles to the inside of the tepal 
trace (Figs. 68, 74, 75, 78, 79, 83 and 112). The twin bundles of each trace ftise 
together either before or after emergence into the tepal (Figs. 69, 82, 93, 103 and 113). 
In any case they do not unite with the tepal trace so that the tepal and stamen 
show only congenital concrescence but not true adnation (Figs. 66, 87, 99, 110 and 
122). The stamens in all members show distinct filaments (Figs. 106, 107, 114, 
120, 121 and 128). The filaments in Symphyonenua are flat and become connate by 
marginal hairs (Figs. 96 and 97) as the tepals do in all Protoaceae. In Persoonia 
saccata (Fig. 86), Cevarrhenes and Bemt^prm sp. the staminal bundle extends into 
the produced connective. 

In P. saccata usually the two bundles of each staminal trace fuse together just 
below the level of separation of the filament from the tepal. In one abnormal floww, 
however, the bundles of the lateral traces not only remained separate but entered 
the filaments of independent stamens so that the flower showed six stamens and 
not the customary four (Fig. 83-85). 

In Persoonia sp. the lobes of the nectary are vascularised by straiids derive^ 
either from the main stele or from the tepal laterals or from staminal trace (Figs, 69, 
74-76 and 81). In Cenarrhenes and Beauprea they are derived from the outer 
margins of the vascular bundles in the alternitepalous sectors of floral stele (Figs, 112, 
113, 118, 119, 125 and 126). As these bundles branch further in the base of the 
gland, 4-7 strands are noticed in each lobe (Figs. 70, 71, 76, 82, 116 and 127). The 
vascular bundles are surrounded by richly protoplasmic and tannin bearing (‘ells 
(Fig. 71). 

In Beauprea paniculaia the carpel is 3-traced as in Bellendena (Fig. 114). 
In Persoonia and Symphyonema it is 5-traced while in Cenarrhenes it is 7- traced and 
there may be further branching in the ovary wall. The dorsal bundles and some- 
times the median dorsals also extend into the style (Figs. 73, 97, 106, and 115). 


Explanation of Fioubbs 

Fios. 19-53, — Figs. 19-46. Floral stnictiire in Perfloonieao, Figs. 19~iy4. Bellendena 
wontona. Fig. 19. L. 8 . young inflorescence and surreunding bud scales, x 8 . Fig. 20. 
A twig with inflorescence, x 8. Fig. 21. A cleared leaf showing venation, x 1. Fig. 22. Bud scales, 
X 8. Fig. 23. Flower with two tepals removed, x4. Fig. 24. L.S. mature ovary, x 40. Figs. 26-36. 
Persoonia sp. Fig. 25. L. 8. flower bud of P. lanceokUaf x8. Figs. 26-29. P* toru. Fig. 26* 
An open flower, x 2. Fig. 27. Pistil and nectary, x 8. Fig. 28. A tepal and tho attached st^en, 
x4. Fig. 29. A lobe of the nectary, x8. Figs. 30-33. P. saccata. Fig. 30. A flower bud, X 2 
Fig. 31. L. 8. flower bud, x4. Fig. 32. A tepal and attached stamen, x2. Fig. 33. Pistil arid 
nectary, x 2. Figs. 34 and 36. P, microcarpa. Fig. 34. A tepal and attached stamen, X 3. Fig. 36. 
Pistil, , X 3. Figs. 86-40. Beauprea sp. Fig. 36. A branch with inflorescence of P. panicukUa X |. 
Fig. 37. A flower, x4. Fig. 38. L. 8. ovary and nectary x60. Figs. 39. and 40. B 4 panchSfi* 
Fig. 39. A flower bud, x4. Fig^ 40. Ovary and nectary, Fig. 41. Pistil of AqastM^Sf 

X 26. Figs. 42-44. Symphyanema pedudosurn. Fig. 42. A branch with inflorescence, x 1. Figs. 43 
and 44. Pistil and flower, x 10. Fi^. 4 B- 6 Z 4 Cmarrhenes nitida* Fig. 46, Pistil and nectriry, 
x6. Fig, 46. Floww after ;removing tepals, x6. Fig, 47, L. 8. ovary and otie lobe of nectary, 
X 16. Figs. 48-51. Stages in the organogeny of flower, x30. Figs. 52 and 63. S. pvary and 
style, X 26. 
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Fi08. iii-S^y. —Biillendena nmitatut. Fig. 54, L. 8. flower. Fig. 55. T. S. pedicel, 
FigH. TrttJi.y\'t'rHe mM^tioris through flower bud ut varioufl heights. Fig. 62. T. S. carpel. 

Fig. 63. T. S. fltyh', Figa. 64 and 65. T. S. tlxrough top of hemiaphrodito and n\al© sterile 
flower buds, <./. te[)rtl trace; .‘f/.h=8taminal trace; c.t.,—carpellary traces. Fig. 54, x25; 
Figs. 65-61 and 63, > 40; Fig. 62, x65; Figs. 64 and 65. x 12. (Explanation in text). 


All hougfi in species of Pt rsoonia the carpel is usually two ovulate, in an abnormal 
ovary of P, mcrata, thrtH> ovules were seen (Figs. 31 and 221). This resembles 
the carpel of Oarnieria (New Caledonia), the only genus of Persoonieac to show 
the multiovulate condition. In the 2-ovulate carpels, the ovular traces are derived 
alternately from both ventrals. In Cenmrrhmeji and Beauprea, though the second 
ovule is suppreastHl, the marginal bundle that fed it still persists. In the former 
a imrcnchymatous protul)eranct> (Vestigial ovule) is noticed on the sterile carpellary 
margin (Figs. 239 and 241), and occasionally a normal second ovule is developed 
(Pigs. 258). This shows that the uniovulate condition is derived by suppression 
of the extra ovules. The vasculature of the carpel in Aga$tachys is interesting in 
this wmneetion. It is atypical in shoudng 4 trac^ which traverse as the dorsal, 
2 median laterals and ventral :bundle, thera being no bundle in the sterile 
carj)ellary margin (Figs. 103 and 104)* Prom this it is evident that in Agaslachys 
reduction has gone iurther; the second ovule as well as the marginal that had hmi 
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feeding it are completely suppressed. The surviving marginal directly functions 
as the ovular trace (Fig. 105). The dorsal bundle fades at the Imse of the style 
and each of the median laterals extends into one lobe of the stigma (Figs. 106-108), 
There is no branching of the ovarian bundles even in the fruit wall (Fig, 271), 

In Cenarrhenes, though normally the ventral suture points to the posterior side 
(Fig. 128), sometimes a tendency is noticed for the torsion of the ovary (Fig. 120). 

Mioeosporooenesis and Male Gametophyte 

In all species studied, the anthers are 4-locular. The primary archesporium 
differentiates as 1 or 2 rows of hypodermal cells in each lobe. These divide pericH- 
nally forming the primary parietal cells to the outside and the primary sporogenous 
cells to the inside. The former give rise to 4-5 layers of wall cells below the epidermis 
(Figs. 130, 131 and 147). The sub-epidermal layer develops into the fibrous cndo- 
thecium and the innermost into the tapetum of the secretory type (Figs. 133, 151 
and 154), The septum between the anther loculi persists for some time after the 
dehiscence of the anther; in Agastachys there is no distinct septum (Figs. 154). 

There is a secondary increase of the sporogenous tissue of the anther (Figs. 130* 
131 and 147). Microspore tetrads are usually tetrahedral. Oytokinesis is of 
the simultaneous type and is brought about by furrowing. In all genera studied, 
the pollen grains are triporate and triangular except in P. saccata (Fig. 143) in which 
they are nearly spherical. The exine is smooth in BeanpreAt find Bdlendima (Figs. 146 
and 162). In others it ranges from finely granular to markedly reticulate pattern 
(Figs. 135, 136, 138 and 153). The intine may bo uniformly thick as in P. juniperiria, 
P. saundersiana and P. lun/^eolaia (Figs. 134, 136 and 138) or thicker in the region 
of the germ pores and slightly or markedly protruding through them as in Cenarr- 
henes, P. salicina, P. lineariSy and P. myiiiUoides (Figs. 132, 135, 140 and 141). In 
P. virgaitty P. ferrngineay P. oxycmcoidea and P. rnicrocxirpa the intine protrudes 
through the germ pores and fonns knob like swellings (Pigs. 137, 142, 1*44 and 145). 
Pollen grains which are hemi-spherical on one side are noticed in P. lan^eolata 
(Fig. 139). The pollen is 2-celled at the shedding stage. The generative cytoplasm 
is devoid of starch and is seen as a hyaline sheath around the generative nucleus 
in the earlier stages (Fig. 155). Later, the generative nucleus becomes ellipsoidal 
(Fig. 134 and 137) and the generative cytoplasm becomes obscure. 

In pollen sterile anthers of BeMende'tia the microsporocytes degnerate without 
undergoing meiotic divisions. During early prophas<^5 I they separate out from 
each other, become covered with a thick w all and begin to show signs of degeneration. 
The cytoplasm of the tapetal cells also disintegrates and the cells become filled 
with droplets of deep staining material (Figs. 148 and 149). The hypqidermal 
cells of the anther wall do not develop fibrous thickenings and the anthers do not 
dehisce (Fig. 160). 


Ovule 

The ovule primordia arise transverse to the ovarian loculus and become pendul- 
ous with growth (Pigs. 156, 168-160, 168, 223 and 228). The funicles of the ovules 
in Bdlendena and Persoonia (Fig. 222) are relatively longer than those of Cenarrhenes 
and Agastachys (Pigs. 245, 246 and 248), while the funiole of the laterally attached 
ovule of Beauprea is much shorter (Fig. 262). In Persoonia, the funicle of one 
ovule is much longer than that of the other and this difference {acilitates the 
accommodation of the ovules in the space of the loculus (Fig. 223). The vascular 
bundle of the funicle branches in the chalaasa and forms a ring of bundles (Figs. 199, 




O. VBNKATA KAO : STITDIBS IN THE PROTBACBAS 313 

211 and 233). The ovules are orthotropoua, bitegmic and orasainuc^llate (Figs. 218- 
220). The inner integument ames earlier than the outer (Figs. 1(U-*163, 237 --239), 
In the mature ovules, the outer integument remains biseriate while the inner becomes 
about 4 cells thick. The inner alone forms the mi( 5 ropylo whicli is usually long 
and straight (Figs. 165, 168, 208, 211 and 249). In Pcrfioonia sp. the micropyles 
press against the side or base of the loculus and become bent or asymmetrical 
(Fig. 222). In the multiovulate carpel of P. sacmta the integuments and micropyle 
are not normally formed due to exigencies of spaw^ (Fig. 221). The primary parietbl 
cell of the ovule gives rise to 4-5 layers of parietal tissue; the cells of nucellar 
epidermis may also divide periclinally and form a nucellar cap (Figs, 165, 224, 240, 
247 and 252). Thre^ or more layers of those cells persist in the mature ovules and 
developing seeds (Figs. 169, 212 and 250). In Bellende.na they m)t only persist 
till a late stage in seed development but become glandular (Figs. 184-186). In 
Bellendena and Persoonia sp. the cells of imcollus around the antipodal end of the 
embryo sac become thick walled and form a postamont in the developing seeds 
(Figs. 174, 176, 224, 230-233). A transverse section of the postamont of 
shows some cells radiating from it (Fig. 177). In Persoonia sp., AcjaHtachys and 
Beawpreay the antipodal end of the embryo sac extends to the chalaza. In Ceiuirr- 
henes and P. lanceolatUy it is separated from the chalaza by several layers of nucellar 
cells. A hypostase of elongated regularly placed cells extends betwt^en the antipodal 
end of the sac and the chalaza. The cells are thick walled in Persoonia spc.^cies 
(Figs. 230-232) but thin walled and glandular in Cenarrhenes nitida (Figs. 245 and 
256). Tannin is accumulated in the cells of the chalaza and outer epidermis of 
the outer integument and inner epidermis of the inner iiitegumont. 

Meoasporogenksis and Female Gametophytr 

The archesporium of the ovule consists of the single hypodermal cell (Figs., 161 
and 227). This cuts off the primary parietal cell (Fig. 251) and functions as the 
megasporc mother cell which becomes elongated and tapering when full grown 
(Figs. 162, 163, 207, 229 and 239). A linear tetrad of megasporcs is formed (Figs. 164, 
208, 241-244); the lowest megasporc functions and forms the embryo sac according 
to Polygonum-typo (Figs. 165, 166, 209, 210 and 232). The synorgids show filiform 
apparatus and rounded or hook like protuberances on their free sides (Fig. 167). 
The polar nuclei do not fuse before fertilization (Fig. 170). The antipodals are 
inconspicuous but persist till a few endosperm nuclei arc formed (Fig. 173). The 
cytoplasm of the embryo sac shows starch. 

Fertilization 

Belhndenay Cenarrhenes and Agastachys are very showy when in flower. The 
flowers of Belhndena give out a foetid smell which is attractive to some insects. 
The flowers are protandrous and the pollen is shed on the stigma long before the 


Explanation op Pxoubbs 

Figs. 66-86. Persoonia sp. Figs. 66-73. P, juniperina. Fig. L, S, flower bud. 
Figs. 67-70 imd 73. eeotiotis at various heights through flower bud. Fig. 71. T. S- a lobe of 
the nectary. Fig, 72. T. S. carpel. Figs. 74-76. Semidiagrammatic transverse sections cS flower 
bud of P, IcmoeokUa. Fig. 77. T. S. flower bud of F. virgaia. Figs. 78 and 79. P. gunn^i 
Figs. 80-82. P. pini(/oUa, Figs! 83-86. P. mccata. Figs. 83-85. Sections through an abnormal 
flower with six stamsns. F^. 86. T. S. appendage of stamen. n.s.»«nectary strands; 
staminal trace; n»ilobe of nectary. Fig. 66, x 8; Figs. 67-70, 72 and 77^ x 40; Fig. 71, x 160; 
Fig. 73^x35 Figs. 78 and 79, x)^8; 80-82, x20; Figs, 83-85, X6; Fig. 86, x85. 

(Explanation in text). 
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flowers open. Self sterility prevents self fertilisation. Pollen grains are caught 
among the glandular stigmatio hairs (Pig. 226) where they germinate in a mono* 
siphonous maimer (Kgs. 171 and 172). The transmitting tissue of the style facilitates 
the pas^ge of pollen tubes. In several species of Persoonia tlie trananiitting tissue 
is biseriate (Kg. 206) and the cells adjoin the glandular tissue lining the loculus. 
In P. iiiiccata the transmitting tissue is more extensive (Pig. 226). In BeUe^kdem 
the ovules hang freely in the loculus so that the pollen tubes have to bridge a gap 
in order to reach the micropyles (Pig. 24). In BeAiuptm and Agmtmhys iho 
mioropyles stand close to or in contact with the base of the loculus. In Perscwiia 
sp. the glandular cells of tlie loculus adjacent to the micropyle proliferate and 
form some glandular tissue which functions as an obturator (Pigs. 205, 212» 230 
and 231). In Cenarrhems, the epidermal cells of the inner integument around the 
micropyle become papillate and come in contact with similar cells lining the base 
of the loculus. Together they seem to facilitate the passage? of pollen tubes ( Fig. 246). 
After fertilization the micropyle in Ccmrrhe,nes becomes (•onieal and fits into the 
funnel shaped base of the loculus; tlie surrounding cells become glandular and seem 
to assist in the nutrition of the embryo sac (Pig. 265, 257 and 260). 

The pollen tube enters the ovule porogamously and usually a synergid l)ec()mes 
effected when it enters the embryo sac (Pigs. 170 and 254); in Cenarrhenets^ remnants 
of such synergids are seen by the side of growing embryos. In Bellendenu the 
pollen tubes art? narrow and ephemeral; in Cenarrhenes they arc relatively wider 
and more persistent. 


Endosperm 

The endosperm is of the nuclear type. It becomes cellulari first around the 
embryo when the latter is a small globular mass (Fig, 174), by a process of indenta- 
tion. In BeMendena and Persocmia, nuclear fusions occur in tlie antipodal endosjK^rm 
resulting in polyploid nuclei (Fig. 177 and 213). The nucleus standing close to 
the postameut is especially large and seems to be concerned in the nutrition of the 
embryo sac (Fig. 178). An exactly similar situation is noticed in somb Sterculiaceae 
e.g., Abrom4ii> angiista and Peniapetes phoenicea (Venkata Rao, 1953). There is 
no aggressive enlargement of the embryo sac after fertilization in Bellendem and 
Persoonia, the digestion of the nucellus being slow and prolonged. The endosperm 
in the antipodal region in Bellendena remains nuclear for a long time. Ultimately 
the whole of the endosperm becomes cellular. The cells in the antipodal region 
contain large polyploid nuclei. The endosperm is even in outline and does not 
show papillate haustorial cells as are reported in Macadamia ternifoUa (Kausik, 
19386). 

Mature seeds of Bellendena arc endospermic. The endosperm cells are packed 
with starch and other reserve materials. The number of layers of endosperm cells 
surrounding the embryo varies in the different parts of the seed, the endosperm 


Explanation of Fiqures 

Pros. 87-109. Figs. 87-98. Symphyonm^a morUanum, Fig. 87. L. S. flower bud. Figs. 88-06 
and 98. Sections at various heights thi^ugb flower bud. Fig. 97. Section through the tube 
formed by fliaments, and style. Figs. 99-109. Agantachya odorata. Fig. 99. L. S. flower bud. 
Fig. 100. T. 8. peduncle showing origin of floral stele.. Figs. 101-109. Sections throuj^ flower 
btS at various i^ights* Fig. 105. T, 8. ovary at the level of attachment of ovule. Fig. 108. 
T. 8. stigma. 6.m«»bract n^idrib; 6.1. bract laterals; stamina! trace; f.f.*»tepal trace. 
Figs. 87, x25; Figs, 88-96 and 98, XiO; Pig. 97, x 120; Fig. 99, x25: Pigs. 100> tOl, 108, 104, 
106, 107 and 109, X 25; Fig. 102, X 40; Fig., 105, X 40; Pig. 108, X 80. (Explanation in text.) 
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Fig«. 110-129.— Pig*. 110-115. Beaupreo powcwJato. Pig. 110. L, 8. flower bud. F5g«. 111-115. T. 8. 
At vMioiw heighte through flower bud. Fig. 116-121. Beaupna jx^ari. Fig. llfl. LB. bA 9 o of flower 
bud. 1<W 117-121. T. 8. at various heignU titrough flower bud. Figs. 122-129. CiMrrhenet nitida. 
Fig. 122. L. S. flower bud. Figs. 129-129. T. S. at various heights trough flower bud. 6.{.»bract 
laterahg A.m.>»braot midrib: s<.t. xstaminal tiaoe; trace. Pigs. 110-121,x2S; Fig 116, x 36; 

Figs. 132-129, X 12. 
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being thicker around the radicle than around the ootyledonB (Figs. 106 and 107), 
In one young seed, though the embryo was normal, there was no trace of endosperm 
(Figs. 190 and 191). In Persoonin, the seeds are non^endospermic or only a trace 
of endosperm persists. 

In Ccjiarrlients nitida the enlargement of the ovule after fertilisation is sudden 
and pronounced. This results in a transverse rupture of the nucellus at about 
the middle of its height and sometimes the inner integiunent also becomes involved 
(Pigs. 255 and 257). As the seed grows, a lenticular cavity develops which becomes* 
filled with a clear nutritive fluid. As already described, there is a hypostaso of 
elongated, thin> walled, glandular cells below the embryo sac which stixnds out 
distinctly from the large, isodiametrio, scantily eytoplaBmic, light staining cells 
constituting the rest of the nucellus. During see<l development, the cells of the 
hypostase fall apart giving rise to an irregular space which serves to comiect the 
antipodal end of the sac with the nucellar cavity (Figs 258, 259 and 261). The 
endosperm is scanty and does not extend into the enlarging nucellar cavity. This 
cannot, therefore, be described as ‘endosperm haiistorium' in the strict sense. A 
somew’hat similar condition is described by Jordaan (1916) in the S. African 
Brabeinm siellati folium. The endosperm in (\ nitida remains nuclear even at the 
stage show n in Pig. 261. It is doubtful if it ever becomes cellular. The nucellus 
persists for sometime and functions as the perisperm. In tlie mature seed both 
the endosperm and perisperm become absorbed and the seed cavity is filled by the 
large succulent embryo (Figs. 268 and 269). 


Embuyo 

The fertilised egg does not rest for a prolonged period. The first division of 
the oospore is transverse and results m the basal cell cb and tlie terminal cell ca 
(Fig. 262). The next division is longitudinal in both cells and results in a tetrad 
of cells in two tiers (Figs. 179, 180, 263 and 264). The derivatives of both ca and 
ch enter into the embryo proper, there being no suspensor (Figs. 181-185, 214, 
234-236, 265-267). In B. montana, sometimes the lowest cell of the embryo presents 
a glandular appearance (Fig. 184), since this comes into intimate contact with the 
glandular nucellar cells, it seems to function in absorption of food materials. The 
embryo development in all Persoonieae studied keys out to Penam variation of 
Asterad type (Johansen, 1950). 

The mature embryo in Bellendem and Cenarrhenrs shows a well developed 
radicle and two thick cotyledons. The cells of the embryo are packed with food 
materials. The cotyledons do not show the basal lobes that are characteristic of 
genera like Orevillea and Hakea (Fig. 198). 

Seed and Fruit 

The mature seed of Bellendena is fusiform and slightly flattened parallel to 
the fruit; it is 5-6 mm. long and c. 2 mm wide at the middle. In the mature ovule 
the outer integument is biseriate and the inner 4 cells thick (Pig. 201). After 
fertilization, both the integuments increase in thickness, th5 outer becoming 5 
layered and the inner 6-7 cells thick (Fig. 202). The maximum thickness of the 
testa is attained in seeds with embryo just showing cotyledon primordia. Tbe 
coats of mature seed are devoid of mechanical tissue. Several layers of both 
integuments break down (Fig. 203) and mature seed coats show only two lavers : 
the innermost layer of tannin filled cells belonging to the testa and the pansade 
like layer of thin walled cells b^onging to the tegmen (Pig. 204). The seed coats 
of Cenarrhmes are also flimsy* 

U 
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The style in BeUmdena is persistent. Though it is at first terminal, as the 
ventral margin of the fruit grows more rapidly than the dorsal, it Iwoomes bent 
and ultimately fits mto a depression at the summit of the fruit (Figs. 102-194), The 
pericarp consists of 5-6 layers of thin walled parenchyma surrounded by strongly 
cutinised epidermal layers, there being no mechanical tissue (Fig. 2()0). The mat^ 
fruit is obovate, dry and light and apparently wind disiiersed. A membraneous 
wing develops to the outside of the ventral margin (Pig. 10.5). The fruit does 
not show any dehiscence mechanism; decay of or mechanical injury to the brittle 
pericarp seems to result in liberation of the seed. • 

In Persoonia the fruit is a small succulent drupe with persistent style (Fig. 215), 
After fertilization, the glandular cells lining the loculus proliferate and produce a 
tissue which completely envelops the seeds (Figs. 21(5 and 217). The ovary wall 
shows two zones : the outer of tannin filled cells which ultimately develops into 
the succulent epicarp and the inner zone and the tissue surrounding |the seeds 
which form the stony endocarp. 

In Cenarrhenea, the fruit is a purplish spherical drupe (Plate XVII. 5) The 
ovary wall shows two distinct regions from early stages (Figs. 47 and 253). The 
outer zone consists of scantily cytoplasmic, light staining cells; this develops into 
the succulent epicarp; the inner consisting of small richly protoplasmic cells 
develops into the stony endocarj) (Figs. 208 ajid 269), 

In Agiiaiachys the fruit is a small 3- winged samara. Two larger wings develop 
to the (Hitside of the median dorsals and a small wing to the outside of the dorsal 
bundle (Figs. 270 and 271). 

Stehttjty 

There is go()d fruit set in Bellendfm: an inflorescence contains 50-80 flowers 
of wliich 50 perc ent or more give rise to fruits (Plate XVII, 2). In Cenarrhenea 
and Agastachya there is relatively less fruit set (Plato XVII, 6) and sometimes all 
the flowers of an inflorescence wither away without forming a single fruit. Some^ 
times in apparently normal fruits, the seed cavity was found to bo empty. 

In Bellendena and Peraoonia, though the carpel is 2-ovulate the fruits are 
commonly 1 -seeded, 2-seeded ones being very rare. In Belle rtd^na both the ovules 
become fertilised and start develox>ment as seeds. Later, in several cases the two 
seeds w^erc seen to become fused by webbing together of their integtiments. The 
rapid elongation of one seed results in dislodging the other and therefore to the 
degeneration of the latter. Shrunken remnants of such seeds are often found 
attached to the functional seeds (Figs. 175 and 194). However, in some other 
eases seeds are seen to degenerate without any apparent cause. The process of 
degeneration may start even at a late stage when the seed is showing a large globular 
embryo. In one young seed which was still attached to the placenta, the integu- 
ments and nucellus were showing signs of degneration but the endosperm was 


Explanation of Figubks 

Fios, 136-165. — ^Microeporogenesie and male ^metophyte in Persoonieae. Figs. 
Cenarrhenea niidda. Figs. 133-146. Persoonia gp. Figs. 133 and 134. P. juniperina^ Fig. 135. 
P. salicina. Fig, 136. P. saundersiana* Fig. 137. P, virgata. Figs. 138 and 139. P. tanceoleOa. 
Fig. 140. P. linearis. Fig. 141. P. myrHUouhs. Fig. 142. P. ferruginea. Fig. 143. P. tfoocola* 
Fig. 144. P. oxyroceoides. Fig. 146. P. mdcrocarpa. Fig, 146, Beauprea pofidimala. Figs, 147- 
162. BeUendena tnontana. Fig}. 148-160. Sections through poDen sterile anthers, Figs. 153. 
Symphyonema palvdoBum, Fig.s 164 «id 156. Aga^taehys odorata. Figs. 130, 131, 134, 137, 143, 
147, and 148, x270. Figs. 132, 133, 138, 139, x600; Figs. 136, 140, 141, 142, 144, 145, x385j 
Figs. 135, 149, X480; Figs. 146, x720; Figs. 150, 151, Xl20; Pigs. 152, 153, 155, XI200, 

Fitr 1.64^X>00. 
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showiilg nuclear divisions (Figs. 187-189). The endosiierm in this case is probably 
l^rasiiismg on the sporophytic tissues, tn l^ewon/a sp. the integument of the 
luuctioiilcss ovule wjiH found fused to the folso $>optiin\ 233). Tlio (Mils»tgeiii 0 ut 
of the fruit probably resulted in brcalting oiT Ihe fuini'le from the placenta and 
therefore led to the degeneration of the seed 

Drscossio^ 

< 

The present studies support Engler’s (189 1) eou(‘lusiou that the Persoomeae 
are the most primitive tribe of the Proteaeeae. The moiubi>rs show a large number 
of primitive morphological, floral anatomical, embrjological and cv^ological fl^atures* 
However, a comparative study of the different gcuiera shows that some evolution 
has taken place within the tribe. These evolutionary trends arc discaissed in the 
following pages. 

The members studied show evolution in vegetative features. (^emrrh'enpH and 
Agastachys are confined to the rainforests or their fringes in Tasmania, Though 
usually shrubby, they attain the size of trees on fhe wesf coast, {^orne speoios of 
Persoonia (e.g. P. loTiqifolia) are trees and others shrubby. Species of this genus 
show wide range and inhabit diverse situations from sea level to o. 2 909' altitude. 
Both species of Sympliyonenm are uudershriibs ondemic in New South Wales* 
Bellendenn monfanu is a gregarious shrub which inhabits sub-alpme meadows of 
Tasmania above 3,500' altitude. The climate in such places is cool and moist 
throughout the year and the soil is covered by snow in winter months. 

The leaves in Symphyonemi are 2-3 times pinnatisect (Pig. 42). They are 
palmately 3-lobed, 3-traced, somew*hat succulent and externally voinlt^ss in 
dena (Figs. 20 and 21), expanded, simple, and dentate in (^eruirrhewn and Bemprta 
and succulent and entire in Agasiachy<i, In Persoonia they range from acicular 
(P. saccata and P. pinifolia) to oblong- lanceolate form (P. lanceotafa and P. torv)^ 
In several species they show xeromorphie features : tlie edges of the narrow% small, 
spine tipped leaves of P. juniperina are held vertically (cf. Plates XVII and XVIII). 

In several species of Persoonia the flowers are solitary axillary and diffusely 
scattered. P. pinifolia shows the evolution of inflorescence (and bract) by the 
of flowers towards the ends of branches. The leaves in this region 
are acicular like the vegetative leaves but smaller and braet-liko in appearance. In 
Beauprea and Bymphyonema the inflorescence is a lax panicle. It is more condensed 
in Cenarrhenes and Aqasiachys due to the suppression of the |X‘duncIes. The bracts 
in these genera are relatively large and persistent. 

The ebracteate, pedicillate, regular, glandless flowers of Belleiukm with 
stamens completely free from the tcpals, and stipitato ovary seem to represent the 
most primitive floral structure. Evolution is noticed in the different members in 
the suppression of pedicel, introduction of a bract and its persistence, adnation of 
tepals and stamens, connation of filaments, suppression of the appendage of the 


Expianation ot Pxqubes 

156-170. Beliendena montana. Figs. 156 and 157. T. S. through youxig ovary and 
stylo. Figs, 158-160. L. 8. through ovarios at different fetagos of dovolopmant. Fig.. 161. 

archesporium. Figs. 162 and 163. Ovules with megasporo mother 
^U. Fig. 164. Nucellus with linnar tetrad. Fig. 165. L. 8. ovule with 2-nucleat6 embryo sac. 
Fig, 166, Nucellus with young embryo sao. Fig, 167. Micropylar part of mature embryo sae. 
Fig. 168, Ovule with mature embrj^ sec. Figs* 160 and 170. Kuoellus and micropytar part 
fmm above. Figs. 166-15S, xlOO; Figs. 159 and 160, x75i Figs. 161^104 
and 170, x$60; Figsi. 165 and 168, x ISOx Fig* 166, x270; Fig* 167^ 600; Fig. 169, Xl80. 
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stamen and stipe of the ovary, development of vascularised nectary, tendcaioy 
towai-ds zygomorphy of the flower and attainment of partial male sterility. The 
ancestral carpel seems to be miiltiovulatc, a condition still found in (j&miena 
(Persoonieae) and in other tribes of the family viz., Placospc^rmoae, Embothrieae 
and Telopcae. The abnormal multiovulate carpel noticed in Permoni^ mcc(X(a 
seems to be atavistic. The 2- and l*ovulate conditions in other Persoonioae seem 
to be derived by suppression of the extra ovules. Evidence for the suppression of 
the second ovule is found in Ceimrrh^ne.^ in the shape of a vestigial ovule on the 
sterile carpellary margin and in the occasional development of a normal second 
ovule. In Agantachys, the second ovule as well as the marginal bundle feeding 
it are completely suppressed. The fruits in BeUvndi Wi do not sliow any mechanical 
tissue or dehiscence mechanism or any special adaptations for dispersal. In 
Agasiachys the fruit is a small samara adapted for wind dispersah wiiile in Persoonia 
and Cewirrhe'tw they are attractive drupt's adapted for bird dispersal. 

In general there is an elaboration of floral stele by an increase in carpellary 
traces and intercalation of vascular sui)ply for tlie nectary, though rtHliiction is 
also noticed in suppression of tepal marginals or one ventral bundle in Agaatachyi^. 
The stamens become adnate to the tepals but the union do('s not involve their 
traces. The organisation of the stamina! traces as a pair of bundles to the inside 
of the tepal midrib is interesting. A similar antitepalous position and twin bundled 
slaminal trace are noticed in Helicantbei^ elasfica (Johri, Agraw'al and Garg, 1957) 
and NuyUia sp. (Narayana, 1958) of Loraniliaceae. 'J'he signilicance of this peculiar 
staminal trace will be discussiHl lat(‘r. 

The Ib traced carpel noticed in Bdlemlena and Bmuprea sp. seems to be primitive 
and the 5- and 7-lraced carpels of Persoonia and Venanhenf^H seem to be drived by 
an elaboration as suggested by Earners (HKll). 

The morphology of the perianth is linked with that of the nectary. If the 
nectary could be homologised to the corolla of a dichlamydoous flower, the 
perianth could be equated to the calyx. The 4 altcrnitcpalous lobes of the nectary 
seen in Persoonia, (U^narrhenes and Bianprea offer a tempting comparison to the 
petals of a dichlamydoous flo\ver. But in African Brabeiam, (and Maeadamieae) 
the lobes of the nectary unite to form a cup situated between the tepal-stamen 
wdiorl and the pistil and not in the position of the corolla of a dichlamydeoiis flower. 
Ill Cfrevilleae and Telopeae the lobes of the nectary arc not only connate but the 
nectary becomes zygomorphic due to the suppression of one or two anterior lobes. 
If the nectary is to be homologiscd to the corolla, then it must be conceded that 
apetaly (cf. the glandless flowers of Bellendena, Symphyoymna and Agaslachys), 
polypetaly, gamojietaly and zygomorphy of the corolla have been attained within 
the family. The nectary is non-vascular in Oriteae and Banksia sp. In the 
Persoonieae it is vascularised by strands derived either from tepal laterals or 
staminal traces or outer margins of intertepalous sectors of floral stole. In no 


Explanation of FioiniES 

Fios. 171-191. — Endosperm and embryo development in Bellendem montana» F^* 17L 
Stigmatio hairs and germinating pollen grains. Pig. 17z. A germinating ^llen grain^ Fig. 178. 
A fertilised embryo sac. Figs 174 and 175. L. 8. developing seeds. Fig. 170. L. B. part of 
seed showing antipodal ondo6i3erm and postaraent. Fig. 177. T. 8. postament. Fig. 178. L. B, 
j^tament sonfie endosperm. Figs. 179-185. Stages in the development of tS© embryo* 
Fig. 186. Tip of radicle and some emlc sperm and nucellar cells. Fig. 187. L.S. de^neratmg 
se^. Figs. 188 and 189. Micropylar and antipodal parts of embryo sac from trie above. 
Fif. 190. L. 8. abnormal seed devoid of endosperm. Fig. 191. Micropylar part of the above* 
Pig. 171, X 130; Fig. 172, x 620; Figs. 173 and 177, x 270; I^igs. 174 and 175, mA 190, X 30; Figs* 
176 184, 186, 188, 189, and 191, xl60; Figs. 178, x600; Figs* 179-183, X210; 185 attd 

187, X60. 
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Fj{.h. 19‘2“1.M)4.' litllnidena inontana. Figs. 192-11)4, Developing fruits. Fig, 195, 
T. S. (ruit, Fig. 190. L. S. se<'<l. Fig. 197. T. S, seed. Fig, 198. Entiro embryo. Fig. 199, 
T. S, ebrtUwiU piirt of the seed showing ring of htrands formed by di\ ision of onilar trace, Fig. 200. 
ISin’Uon of periear]). Fig. 201. 'I'. S. integuments of mature o\'ulo. Figs. 202-204. T, S, of coata 
of develojung and mature s<hhI*.. Fig... 192, 19;{ and 19o, K 10; Fig. 104, • 4; Figs. 196-198, 
A 6; Figs. 199 and 200, x7.'>; Figs. 20l~204, > 340. 
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Fius. 205-220. PcrMtna sp. Figs, 205-217. P. jum’pertna. Fig. 205. L. S. ovary. 
Fig. 206. Transmitting tissue of style. Fig. 207. Section of ox-ulo with megaspore mother cell. 
Fig. 208. Section if ovule witli mcgas|K)rc tetriul. Fig. 209. Nucollus with developing embryo 
iiao. Fig. 2 10. Nucelliia with young embryo sac. Fig. 21 1. L. S. young soed rfiONving postaraent. 
Fig. 212. L. S. micropylar part of fertilised ovulo imd adjacent glandular obturator. Fig. 213. 
L. S. antipodal of embryo sac showing iiostamcnt and some endosperm. Fig, 214. A young 
embryo. Fig, 215. A fruit. Figs. 216 and 217. L. S. loculus and T. S. fruit showing tiasua 
devolopixi from glandular cells of locular epidermis. Figs. 218-220. Entire ovules of P, t<mi, 
P, mkrocarpd mdP, mundemana reg|)ectively. Fig. 205, x60; Figs. 206-210, 212-214, xl60: 
Fig. 211, 216 and 217, x 23; Fig. 216, x3; Fig. 218, x36; Fig. 219, x60; Fig. 220, x25. 
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mm i» it fWi by independent traces which cause gaps in the floral stele like those of 
Therefore, neither the position, nor the morphology nor the vasculature 
oi the nectary give any evidence of its homology to the corolla. It seems to be 
only a glandular nectar secreting outgrowth of the thalamus. Similar outgrowths 
arc also found in some other monochlamydeous and dichlamydeous families. Since 
the nectary cannot l>c homologiscd to the corolla of a dichlamydeous flower, the 
|x*rianth cannot be equated to the calyx. The flower seems to be primitively 
monochlamydeous and the {jerianth parts are best designated as tepals. 

The PersTKirueae 8lu)w close resemblance in embryological features : o 6 layered 
anther wall with hypodermal endothecium and tapetum of the secretory type, 
3-{K>rate, triangular, 2- w^IUkI {K)llen, transmitting tissue in the style, crassiaucellate, 
hitegmic ovules in which the inner integument is more massive than the outer, 
an elongated micropyle formed by the inn<5r integument, branching of the funicular 
vascular bundle in tin? chalaza, Polygonum — type of embryo sac development, 
fusion of tlie |K)lar nulcei at the time of fertilization, inconspicuous antipodals 
nuclear tyjw of endospi^rm, development of the embryo according to Pemieci varia- 
tion of Astcrad tyjM^ and flimsy seed coats. Evolution is noticed in the reduction 
of the length of the I'unicle and the lateral attachment of the ovule, development 
of special devices which facilitate the progress of pollen tubes (obturator), and 
Umden<;y towards tlui formation of 'endosperm’ haustoriurn. BeUendstuh is the 
only mernlx^r in which Mie h^xmIs are endospermic; in other Persoonieae as well as 
in the rest of the family they are non-endospermic. 

As is commorfly notic<‘(l in other angiosperms, evolution has not progressed 
at the sanu' rate in all floral organs in any genus or species. In PicnostyliH section 
of P*'.m)onia, for (example, zygomorphy of the flower has been attained due to the 
developnnuit of a saccatc! periantli and curved style, but the flowers retain primitive 
features in the ()r(*s('nco of pedicel, fusion of the twin bundles of the staminal trace 
at a relatively high level, cons[)icuous vascularised appendage for stemen and stipe 
for the ovary. 

Several of the evolutionary tendencies noticed in the Persoonieae become estab- 
lished and accentuated in other tribes of the family and form their important 
characteristics, e.g., adnation of stamen and tepal culminates in the complete union 
of their traces in Oriteae; connatit)n of filaments results in connation of the anther 
lobes in (?onospermt'ae; connation of the lobes of the nectary leads to its zygomorphy 
in (frevilleae, Ti'lopcvu' and Embothrioae; curved style and lateral stigma lead to 
the dovelopriKuit of a p<»llcri c‘ollecting apparatus in Spatalla of Proteeae, Grevilleae 
Telopeae and Emhotlirieae; zygomorphy of the flower becomes accentuated in 
(Jrevilleae, Telopeae and Ernbothrieae partial male sterility in Conospermeae, 
torsion of the ovary in tlu' Oriteae and development of a well defined endosperm 
haustoriurn in several genera of the Grevilloideae. 


Explanation of Figures 

Figs. 221 -230. gp. Figg. 221-226. P, mccata. Fig. 221. L. S. abnormal 

ovary with 3 o\'ult>s. b^ig. 222. L. 8. ovule with 2-nucleato embryo sao. Fig. 223. L. 8. loculus 
of mature ovary showing attaehmont of the ovules (from 2 sections). Fig. 224. Nucellus with 
mature embryo sac. Fig. 225, CJlwidular stigmatic liairs. Fig. 226, T. S. stylo with transmitting 
tissue. Figs, 227-229. P. g^mnii. Fig. 227. Ovule primordium with archesporium. Fig, 228. 
Loculus of ovary. Fig. 229. L. 8. young ovule with mogaspore mother cell. Figs. 230-232. 
P, lanceoiato. Fig. 230. L. 8. young ovule with adjacent part of the loculus showing glandular 
epidenual cells. Fig, 231. L. 8. mature ovule iuid glandular obturator; Fig’ 232. Nucellus with 
4*imcloaU> embryo sac. Figs. 233-236, P. pini/alM. Fig. 233. L. 8. part of fruit with a normal 
and a degt>nerating ovule. Figs. 234-236. Stages, in dovolopment of the embryo; Figs. 
221, 222 x75; Figs*. 223, 226, 228 X 35; Figs, 224, 225, 229, 232 x 160; 227 X 270: Fits. 230, 
231, x60;Fig, 233, x 6; Figs. 234-236, x360. 
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The sum of morpholgical, floral anatomical and embryological evidence Mints 
to Bellendena being the most primitive meml>er of the Permionieae wliich proWbly 
escaped extinction by continuing to inhabit situations similar to those under which 
it originally evolved. Australia and adjacent islands did not exfwrionee the drastic 
effects of glaciation and several examples of the most primitive fauna and flora 
persist there till today, e.g., the fresh water 8hrimi)s of Tasmania, the egg laying 
mammals of Australia. Five of the nine vesselless angios]K^rm8 are endemic in 
New Guinea and New Caledonia (Bailey, 1949). BdhiuUna may 1 h^ another 
such palaeo-endemic. • 

Lancaster (1952) thought that 7, the haploid ehromosonu' number of 
represents the basic number in the family and that n~ 14, 13, 12. 1 1 and li> noticed 
in other genera of the family represent reduet ion series derived by stepwise loss 
of one chromosome. The presence of n-~\0 in highly evolved genera likc^ (irevillm 
and Hakea was thus explained but the same numb(»r ii\ Syinphyomma (Persoonieae) 
could not be accounted for. The writer, however, ft^cls that tlu' (ytological data 
lend support to the conclusions drawn from morphological, floral anatomical and 
embryologieal evidence that evolution within th(‘ family has been progressive. 

Bellendena (n^ f}) and PerMoonia (n—1) have the smalh'st ehromosome numbers 
in the family. The karyotypes of the two genera are very simple and closely siinilar 
with long and thick chromosomes which show median or sub-median constrictioiis 
and no trabants. The two genera show <4oso resemblani'e also in the lormation 
of a postament during seed development, structure of the endosperm with nuclear 
fusions in the antipodal region, j)re.sence of a large polyploid nucleus close to the 
postament and also the causes whi<4i lead to the sterility of the functionless seed. 
These are the only diploid genera in the family. There sen^m to be two possibilities 
for the derivation of their chromosome numl)er8 : '5 might have been derived 

from by loss of two chromosomes or n- 7 might have been derived from 

by the additif)n of two chromosomes. The latter alternative seems to be more 
probaV)le since at the diploid levcsl addition oi ehromosomes is m<)re tavoured in 
nature. Moreover, Per,soonia shows several features which prove that it is the derived 
genus, viz., a vascularised nectary, adnation of tepals and stameus. suppression of 
the produced connective (Aniblyanthera section), tendency tow^ards zygomorf)hy of 
th(' flower {Picnostylis section), tendency towards the su})pression of the second 
ovule, non-endospermic seed and a specialised drupaceous bird dispersed fruit. 
Though some of the simpler morphological features (e.g., absence of the nectary) 
can be interpreted as being due to reduction, there arc others which are generally 
agreed upon as being irreversible e.g., adnation of stamen and tepal, tendency 
towards zygomorphy of the flower and non-endospermic seed. Persoonia, therefore 
seenis to bo the derived genus. Th(^ increase in chromosome number in this genus 
seems to have led to great speciation, adaptability and tolerance capacity to diverse 
ecological conditions. While five out of the nine genera of Persoonieae are mono- 
typic endemics, Persoonia with 72 spe<ues shows wide range and variety in habitat. 
In fact it is the only living genus of Proteaceae which is reprosentcxl in East and 
West Australia, Tasmania and New Zealand, 


Explanation of Fiookes 

Pros. 237-252.~~Fig8. 237-245. Cenarrhenes nitida. Figs. 237, 238, 239 Wid 241. L. S. 
through ovules at various stages of dovolopment. Fig. 240, Nu^ll^ showing fornmtion of 
megaspore dyad. Figs. 242 and 243. Formation of linear tetrad of inegaspores. 

Formation of 2-nucleate embryo sac. Fig. 245. L. 8. ovule with rriatu^ 

250. Agaatachys odorata. Fig. 240. L. 8. ovary with young ovule. Fig. 247. L.. 8. o^e with 
1-nucleato embryo sac. Figj* 248. Entire ovule. Fig. 249. L. 8. 

Micropylar part of the embryo sac and the overlying nuccllar ^lls. Figs* 251 and 
ovules of Beaupreo panicul^. Figs. 237, 240, x270; Figs. 238, ><135; 

X 85; Figs. 242, 243, 250. x 300; Fig. 244, x600; Figs. 245, 240, and 248, xOO; Fig. 247, X 160; 
Figs. 251 and 252^ xOOO. 
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BeUemle^w, and Perjioonin seem to provide (wo types of florttl structure (on© 
without and one with nectary) and also two basic chromosome numbers. As in 
most angiospermous families, polyploidy and aneuploidy led to the evolution of 
the genera and tribes. This is accompanied by a diminution of chromosome size 
which is also noticed in other angiospt^rms e.g., diploid and polyploid species of 
Dianthii^s, Symphyonenia {a - 10) and Ctjmrrhenes (n ™ 14) swm to be tetraplolds. 
on bases o and 7 resjK^ctively; n~ 13 of AgiiMUichif'^ seems to be a hyj)oploid on 
ft is interesting to notice that in the last genus reduction in flora f structure is founjl 
ill association with reduction in chromosome number. Several physiological changes 
are known to accomjMmy polyploidy (Muntzing, 1935; Stebhins, 1940; Blakesleo, 
1941). The presence of a specialised method of nutrit ion in the sliape of an 
•endosperm' haustorium in Cenarrhene.^ seems to be one such. 

A comparative study of tine Australian and extra- Australian Persoonieae brings 
to light several points of interest. The genus Cemirrhmes is common to Tasmania 
and New Caledonia, and Per.soonia between Australia (including Tasmania), and 
New Zealand. There is close resemblance IxHween (^enarrhene.^ nitida (Tasmania) 
and Bmupreu (New Caledonia) in morphological and floral anatomical featuros. 
The elongated tapering connective of Die posterior stamen is strikingly similar 
in both genera. This feature is also shared by PrrHoonia f(dmfn (K. Australia). These 
points show that the Australian, New Caledonian and New Zealand Persoonieae 
must have had common ancestry. The discontinuous distribution of Permonia 
and ( U'.nfirrhcncs can be as(*ribed to ancient dispersals by birds (as both have siuiculent 
drupes), and/or to the existence in the past, of land connections between the land 
mass(\s which are now se[)arat(^. (hnilogical history .shows that they formed a conti- 
luious continent in ancient times and Diat the islands have l)roken asunder and 
drifted apart since (yretaceous ((^arey, I93H, 1955). 

Levyims (I95S) suggested that the rnonotypicS. African Braheimn Mlatifoliuin 
might belong to the Grevilloideae, placing too much stress on the whorled leaves. 
One important feature which distinguishes the Grevilloideae from the Persoonioidoae 
is the occurrence of the flowers regularly in pairs in bra(‘t axils. In Bratmurn the 
flowers oc(air in groups. This feature is never noticed in Grevilloideae but is found 
in sornt^ Pcrsoonioidciae viz., Paranonim and SpafallopMis of S. African Proteeae. 
The stamens in Brabeium are described as being free from tepals; this feature is 
noticed only in Bf llendena of the Persoonieae. Brabeium, therefore seems to belong 
to P('rsoonieae in which Engler had placed it. The genus rosomblos cither Persoonieae 
in the presence of 3-porate pollen, 2 orthotropous pendulous ovules and their 
structural features, embryo without suspensor, non-endosperm ic seeds and flimsy 
seed coats. The ‘endosperm’ haustorium of Brabeium is also closely similar to 
that of Cenarrhenes (data from Jordaan, 1946). However, Brabeyium shows advance 
in the coiination of the lobes of the nectary into a cup. The haploid chromosome 
number of 14 in Brabeium (Darlington and Wylie 1955) is of particular interest since 
it ooincide.s with that of (Jeuarrhenes (Tasmania). The close similarity between 
S. African and Australian Persoonieae points to their common ancestry. The 


Expt.aNxVtion of Figuues 

Pros. 253-271. — Figs. 253-269. Cenarrhenes ivUida, Fig. 253, L. 8. mature ovary. 
Fig. 254. A fertilised embryo sac and adjacent cells. Fig. 255-261. L. 8. young seeds in different 
stages of development. Fig. 258. L. 8. loculus with two normally developed ovules. Fig. 260. 
Micropylar part of young seed and adjckcent cells of loculus. Fig. 262-267, Stages in devekp- 
ment of the embryo. Figs. 268 and 269. L. 8. and T. 8. of fruit. Figs. 270 and 271. Entire 
fruit and T. 8. fruit of Agastachys odorata. Figs. 253 and 261, x 10; Figs. 254 and 256, X 215; 
Figs. 256 and 258. x35; Figs. 267 and 269, x35; Fig. 260, x 100, Fig. 261, X 3 Figs. 265, 
x75; Figs. 262-266, x 360; Fig. 267, x240; Figs. 268, 269 and 270. x4; Fig. 271, Xl6. 
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j)r(»l>ahl<) rautifw which hxl to the distribution of the ancestral stocks between the 
tw-o contificntft now wickly separated, will be discussed later. 

The floral structure and chromcmome number in Dilobeia (Madagascar) might 
prove esciful in throwing some light on the nature of the ancestral .stock that entered 
this land niass. 
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Flo. 272. — Fjvohition witiiin tho tribo Porsoonioao according to tfio views of tho writer. 

The region which shows the greatest eoiu ent ration of species is generally regarded 
as the prohablo ec'nt re of origin of a taxon (Cain, 1944; Good, lOo:!). Out "of the 
9 genera and e. 90 speeies which constitute Penstionicae. .5 genera and e. 77 .species 
are found in Au.stralia (and two more in the adjaeetit New Caledonia). As Good 
(1953) rightly points out and illu.strates in the ea.se of Aselepiadaceae species 
concentration alone should not lie relietl upon but the t^fstribution of the primitives 
should also be taken into aceoimt in fixing the centre of origin of a taxon. Usually 
diploids, being more piimitive and less adaptable than their polyploid derivatives, 
will have limited range and do not stray far from the place of their origin while their 
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polyploid derivatives have greater spread e.g., Tmd^ffcmUia (Anderson, 1937). 
The two diploid genera ot the Proteaee^e {Beilf fidena and Per,^oonia) are confined to 
Australia. Australia, therefore, seems to be the (^entre of origin of the tribe 
Persot)iiieao. 

Within Australia, all the 5 genera of the Persoonieae are found in East Australia 
including Tasmania, which seems to have been connected with the mainland in 
the past (Crocker and Wood, 1947; Bnnvne, 1945), wliile only Persoonia is n>presentod 
in West Australia. Even within this genus, there are more species in East (43) 
than in West (27). EavSt Australia, therefore, seems to be the centre of origin of* 
the tribe Persoonieae, wherefrom ancestral sto(‘ks probably migrat-ed to the other 
land masses. 

It is interesting to notice that in Pvrmonia as well as 11 other genera of the 
Proteaeeae common between East and West Australia, tliere are no species common 
between the two zones. This leads one to the conclusion that tliere existed in the 
past a pan- Australian flora, as Diels (ItlOti) also belie ve<l. After evolution has 
occurred to the generic level, ecological and geographical l)arriers seem to have 
been created between the two regions which led to independent speciation. Geologi- 
cal history sliows that during Cretaceous, the central part of Australian continent 
was under sea so that the land presenter! the form of two long islands, eastern and 
western (Crocker and Wood, 1947). 

All the 7 species of Picnosiylis section of Parsoonia are mainly confined to 
W. Australia, only P. falcala extending to N. Australia and Queensland. This 
section which contains the only species with zygomorphic flowers among Persoonieae, 
th(Tefore, seems to have evolved in W. Australia. A detailed study of the cytology 
and distribution pattern of the Epacridaceae, another typically Australian family 
led Smith-Wliitc (1948) to a similar conclusion; he observes : “the genera that arc 
endemic in W. Australia are usually specialised relatives of the eastern ones, and 
data do not suggest W. Australia as the source of the whole group^\ 

Evolution within the tribe Persoonieae as visualised by the writer is represented 
in Fig. 272. 
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PosTSCBiPT : When this paper was in press, the article of Haber (Phytomorpho- 
logy, 1959 pp. 325-358) appeared. While there is general agreement between the 
present vTiter and Haber in the evolutionary trends in the inflorescence and flower, 
there is difference of opinion in the interpretation of the morphology of the nectary. 
Haber interpreted the nectaiy as corolla and therefore that the flower is dichla- 
mydeous or monochlamydeous by reduction. In addition to the arguments presented 
in this paper, the writer wishes to add the following to substantiate his view that 
the proteaceous flower is fundamentally monochlamydeous, 
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In iaterpreting the ‘glands, discs and scales’ as corolla or modified *form of it, 
Haber has not properly weighed the evidence of their position. Though in the 
fxilyphy Ileus condition the lobes of the nectary occur in the position of petals, 
in the gamophyllouH state, the gland stands inner to the tepal-atamen whorl. The 
writer is doubtful whether the corolla can or does occur inner to an epiphyllous 
staminal whorl in any angiosperraous family, 

It is generally accepted that gamophylly and zygomorphy of the corolla are 
progressive and irreversible changes. It is difficult to imagine how a change can 
occur during the proc^ess of reduction “from a gamophyllous corolla to scale-like 
organs or to glands’’ (Haber, p. 355), 

fu the families in whi<di strong zygomorphy of the corolla has been attained, 
tubular or polyphyllous conditions are not usually noticed. A great diversity is 
seen in the strinduro of the nectary in the Proteaceae, not only within the 
family but even within genera c. g., Grevillea, In G. leucopteris the gland is 
annular; in G, cryihrnijolia it is more than semiannular with a small lobe at the 
back of the stipe; in the majority of H{)eci(^s it is semiannular and strongly zygo- 
moiphic while in mjnaphm it is absent. Sin^h a variety is not seen in the corolla 
within a single family but is noticed in the structure of the nectary e. g., Cruci- 
ferae. The writer therefore feels that the nectary is not homologous to the 
corolla but to the gland of a dichlaraydeous flower. 
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STUDIES ON INDIAN HYMENOPHYLLACEAE 
PART r. CONTRIBUTIONS TO OUR KNOWLEDGE OF CREP1DOMANE8 
LATEALATUM (v.p.B.) COPELAND COMB. NOV. 

by (Miss) Usha Siiarma, Dejmrtfnent of Botany, Lucknow University 

(Communicated by S. N. Das Gupta, F.N.I.) 

{Received May 21 ; read August 5, 1960) 

Abstract 


Tho pap<^r deals with the morphological and anatomical foal arcs of a H yn\cm>pliylhMK»onB 
fem, Crepidoinanes latealatum (v.d.B.) Copoland conih. nov.» coUo<*tod troni Morcara iii Ci>org 
(South India). A d€»tailed account ia given of iho loaf, rlxizfnno, rtporaiigial initiation, spore 
formation and some cytological stages. 

The rhizomo is totally devoid of I'oots although sliMulor hraru lios of the rhizoiuo look like 
roota and perhaps boliavo os such. Tho atom stolo is a contrarcli j)rotoHtolo. A trAoo from 
this is abstrictod (without any gap) and splits at the potiolar basi> into a loaf trace anil *ui 
axillary alxoot trace. Tho leaf is highly lobed. has dichotomous venat ion, fny veinlots and a 
lamina generally one cell thick, except round tho vascular bundles, talsi^ voinlots are prcsiuit 
in the leaf, which are not connoctod with the midrib, a cliaracteristii* feature of this Hpecit>«, 
Dermal appendages are unicellular Ixairs with sacc^ato bases, foimd on tho rhizomo and on the 
petiole, wherever not covered by tho lamina. Tho involucre is of the obconic typo fused in the 
lower portion and bivalvod alwvo, valves being entire. Tho rcceptwdo is cylindrical and slightly 
oxsertod. The sorus is gradate and basipetal in development. Tho sporangia are 320^ long, 
liaving narrow and elongated surfa<’o cedis, with obliipie and complete annulus of 20 to 22 cells, 
opening by a transverse slit marked by a couple of tliin walled large colls. The dovelopnierit 
of tho sporangium is of the leptosporangiato typo and is initiated by a single cell. Tho spore 
mother cells are sixteen in numl>er and tho spores number bO 04. Tho spores are tetraheiiral 
in form and measure 42^ by 40//.. Certain cytological stages in tho dovolopnient of the sporo 
are also do8cribo<l. 


Ijntroduction 

This family of beautiful, translucent ferns is distributed all over India, chiefly 
in moist and shaded places in the Himalayas, Khasya hills, Western Ghats of tho 
Bombay, Madras, Kerala and Mysore States, and Central Provintics (Beddome, 
1883). 

The family comprises of two genera, Hymenophyllurn Limi. and Tricho7nanes 
Smith, according to Beddome (1883), Bower (1908, 1920) and Holttura (1948, 
1954). The classification is basetl purely on indtisium characters — in Hytneno- 
phyllum the indusium being two lipped while in Trichoraam’s it is tubular with the 
mouth being truncate or slightly two lipped. There are three genera, Loxosomu 
Br., Hymenophyllum Linn. & Triehomanes Smith, according to Hooker and Baker 
(1868) ; four genera, Trickonienes L., Cardiomanes Br., Herpyllopsis v.d.B. and 
Hymenophyllum Smith, according to Christensen (1938). But Copeland (1938, 
1947) has divided the family into as many as thirtythree genera taking into account 
a number of criteria apart from the characters of the sorus, indusium and spore 
output etc. 

The number of species recognised for the family also varies according to 
different authors, reaching to a maximum of 650 (Copeland, foo. ct^.). 

Very little work has been done on Indian Hymenophyllaceae. The only paper 
on the subject is on the cytology of some Indian species of Hymenophyllaceae by 
Mehra and Gurdipsingh (1957). It is proposed to study all the Indian members 

VOU 26, B. No 6. 
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am 

o[ thfi tVimily ill and the |>res4‘iit pajKT is the first of the series discussing 

Me* iut»rph»>)'>;nt ftl, auatomical and Home cytologioal features of a South Indian 
Hpet ies tACnpidoinattcs^ / laUnlatum. 

Tije rnuo ria! tliat Iuih ht^en studied comes under the genus Trichomanes 
arrMfiiin}.' in Ihddorne. If r riteria like sporangial characters and spore output are 
into aecMiunt a (ornparisini with the genus Trichomifi^fi of Bower can also 
Ih* r/iiide. Ac<nrding to the elas^itiration of (’ojMdand, however, a comparison is 
poHsihle ofjly with tin* genus ( n piflomant although in a preliminary note the 
Hpcrie-i tentatively referrt'd to Aynphrptfrum (Sharma, 11)00). The presence 
of falnr \< inh‘is, whirli are unrelatcHl to tli»* ruidril.) of tlie lamina, is a special 
(eatiur wfiirh siiggi sts ( nfiiparisou with tin* Hpc<‘ics, ( pidomaws UUealaium, 

The niat« rial was idcntilied as 'rrirhottmm.^ lataddfinn (v'.d.B.) Christ. 

{ I hd lnf>uhiffitn ViUi <1.11 B. »s<ii) hy Mm* auMiorities of the Kew Botanic 
ihudeti.H whi<‘h. ai t ording In Cnpt‘lun(rH reeent clas-silicalion, happens to be Crepi- 
dt>ntnhfs (vd.H,) t’npeland <‘nml). nov. thus confirming the author's 

id**nt itieatinn . 


Mmkciai. ano Mktuods 

I he matpriai. vvhieh was nhi.Mried ifi I 0 t >8 by l)r. S. B. Ivaiisik from Meri'ara 
m Mnnjg wMs lirst pr«‘srt \ed m Inrrnal aceMe alcohol and th(*n transferred to 90 
p'‘r rent alcohol, was vcrv kiiully made* ov'er t<> tlu^ author. 

^eejions Were ( nt IJ to 10 // in Miickm*s.s. 'The sla,in.s used singly and in (com- 
binations v\cre haeniot<*\ ylin, orangt* <r, safTranin and fast grt^en. Maceration 
in a .snhitiiin of niiiic M,cid atid [>otahsiui(i chlorate was done to cU^ar up lh (3 vascular 
tisjMics. Bhloroglurin was also nstsl to stain the ligjiified tissues (Foster, 1942 ). 


t i KN i;it \i. M» )urnoL<)<j Y 

I 1 m^ plants ( piph\li( \ar\ing in .^i/.e from .’1 to fi (ins. in height and are 
characterisisl hy ( rc<*ping, jet bhu k, filiform, branched rhizoiims (Fig. 1 , PI. XIX), 
|M'arl\ 1 rnm, in thickness, (ovcrc'd all ov(*r bv unicellular hairs. The 'axillary 
hranchc.s aiv pn*st>nt more nr h .ss in tlu* axil of ‘every leaf. The leaves are trans- 
In.vMl, Im.'ly dissect. ■.!. Iiuvin- Ir.-c .lichotomoiiK v<‘nati(>n. Each narrow Rcgmeut 
oi pinntih' has a single veinlet (Fig. 2 , PI. XIX). Psetidoveins as n'ported bv earlier 
u.-rkers .iivals.. j.rcs.-iit in the h'af (Fij;. d. ]> 1 . XIX) in addition to the normal veins. 
I hese are iii.t d.-tinile vaseidar i issue' aiul are only moditled t luekoned cells resembl- 
mu (he l.undle sheath rclls of lh<- trn.- veins. Aceordinj,' to IVantl ( 1875 ) (see 
Bovvvr I 51 :>t.) and Smith ( Ittd.-.). -tlmv .an har.lly he anything else than the vest!- 
j,* a rt in.uii.s ot true M'ins no longer lunelional. No stomata are present on the 
eat smta..-, ilm r.ason hein^ the thin nature ..f the loaf. Here and there in the 
lunina .in oiin. some thick wallcl scattered cells, that stain red with phloro- 

h l" 'T'^ *'.vdn.eldone a. id, 'the exact r..neti.>n of these lignifictl cells could not 
oe ('learlv madt' out. 

has <;«>niplete ahsenco of roots in the plant, which 

U .l u r '.I'd r't "an ‘ adaptation to its epiphytic 
I ra u ics f Ih.nr lun.y.m is pr.d.ahly performed bv the leJf-less 

h axis .u d those normally found on 

.m.s ami l..af of ro..tml s,>..c,es. a.dmu as suhstitutos for true roots (Bower, 1926 ). 

rhe dermal appenda.,res are unicellular hairs Vith saccate bases Thev are 



(MISS) VmiL SHABMA : 8TUDIK8 ON IN DUN HYMSNOrHVUiAOBAB 


341 


The sorus is marginal or terminal on the lowest pinnules of the pimiae in 
the upper half of a leaf. Sometimes it is foiind that the sorus is eonfiiUMl the 
ventral pinnules also (Figs. I and 2, PI. XIX). 

The involucre is of the obconie tyjN', fustnl in the lower portion but bilipjMnl 
above, the lips having entire margins. False veinlots are also present on the 
invohiore flaps. The receptacle is cylindrit*al and is slightly oxserted (Fig. 2, 
Pi. XIX). The sorus is gradate and basipetal in development, a characteristic 

feature of the whole family (Bower, 192fl). 

Anatomy 


Rhizome — 

Figure 1 shows a portion of tlio rhizome cut longitudinally. Saccate bases 
of unicellular hairs arc clearly seen. These form the outermost layer of the 
rliizome and these unicellular hairs constitute the only dermal appendages. Figure 
2 is a transverse section of a rliizome. The cortex can be differentiated into an 
outer (ox.) thickw^alled black coloured, selerouehyniatous zone and an inner (ix,) 
zone made up of twxi or three layered thick walled [lareiuhyma. The (uulodermal 
layer, with the casparian strips in the radial walls of the c(‘lls, can be deary made 
out. The perioyde is one layered. The stele is protostelic represented by a tew 
tracheids, surrounded by the phlotmi, which is interrupted on one side- -the ventral 
side. Such a stele, described as subcollateral, lias been reported in Hymeno* 
phyllurn innhrulgense and Trichomanes irichoide mn (Hoodie, loc, at.). 

The finer branches of the rhizome present an appearances almost like roots hut 
transverse sections of these Iwaiiehes show' an undifFerentiated cortex but a jirotei- 
stelc of 1~4 tracheids surrounded on all sides liy jihloem. 'riuTefore the author 
presumes them to bo the finer branches of the rhizome. Proliably theso branches 
jierform the function of roots as has been pointed out by Bower (1929). 

The stele, as judged by transverse sections of young and very old stems, show's 
a single mass of xyleni tracheids of varying number -a definitely protostc'lic condi- 
tion. The phloem, however, goes all round but not in a cjontinuous ring. Often 
it may be less on one side, probably the vcuitral side of the rhizome than on the 
other ; such a condition has often been described as an interrupUHl phloem (Boodle, 
loc.cit.). 

Boodle has described a double band of xylern in ll, crueutum enclosing a little 
parenchyma— a condition which can be interpreted as eornyiarabhi to a siphono- 
stele. Boodle has further pointed out that there is considerable variatif)n in the 
stelar sturcture and that it could be correlated with the size of the plant, J he 
author agrees with this view although her species does not sliow tliese variations. 
Here she finds invariably a single band of xyl(*m. 

In longitudinal section of the rhizome (Fig. 3) the sieve tubes are clearly seen 
\vith sieve plates. The xylem is formed of annular, spiral and scalariform tra- 
eheids. 

Figures 4—10 are serial transverse sections of the rhizome and are diagramma- 
tically represented. They show different stages of leaf trace secjueiice. A stole 
common to the leaf and axillary branch is first formed by the abstrictiori of the 
main stele (Figs. ^1). After some distance this trace divides into two (Figs. 8 
& 9) and forms the axillary branch trace and the Icaftraco proper (Figs. 10 & ll)* 
The pinna traces also come out in the same fasliion by the abstriciion of the loaf 
trace. 

No leaf gaps are formed. The similarity between the main stele, the branch 
trace and the leaf trace has been noticed by earlier workers and has been inter- 
preted as an evidence of the primitive position of the Hymonophyllaceae. 
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Leaf— 

Figures 12-16 represent serial transverse sections of the leaf from below 
upwards. The lower part in each figure represents the dorsal side and not the 
ventral side of the leaf. 

Figure 1 2 is a transverse sect ion ot the leaf in t he basal |>ortion It is found 
that the petiole resembles the rhizome in all the details. The stelo is concentric as 
in the rhizome but the phloem is more developed on one side and only one layer 
thick on the other side. The i>etiole is covered with unicellular hairs just like 
the rhizome. The cortex is divisible into an outer, very thickwalled sclerenohy- 
raa^us zone and an inner less thick- walled parenchymatous cortex. Tlie stele is 
encircled by a single layered endodermis and perieycle. Oas|)arian strips on the 
radial w^alls of the endodermis can be clearly made out. A little higher up the 
stele becomes collateral (Fig. 13), which state is maintained till the apex of the 
leaf. 

Fig. 4, PI. XX shows a transverse s('ction of the middle region of the leaf. Hio 
leaf is seen to be generally one cell thick except round t he vascular bundles, where 
it is several cells thick. The larger bundle in the (centre is the midrib and the 
smaller one is a lateral vein. No hairs are found at this level. At the base of the 
petiole there is a thick zone of selerenchymatous cortex. This tissue gradually 
diminishes at this level and it finally disappears on the two lateral sides, from 
where the lamina comes out, but it p('rsist8 above and below the midrib oven in the 
apical region of the leaf (Fig. 14). 

It is found that the xylem in the petiole always flattens out a little (Fig. 16 & 
Fig. 4, PI. XX) before the pinna trace is formed (Fig. 1(5). 

The structure of the leaf tra(;e as seen in this species seems to support Boodle’s 
opinion that species having a subcollateral stele in their rhizome, have a collateral 
structure in their petiole (Boodle, loc,cit,). 

Sorus 

The sorus is terminal on the lowest pinnules (Figs. 1 and 2, PI. XIX). The 
receptacle is 2 mm. long, generally exserted, sometimes includtKi and elongates by 
intercalary growth. The cup-shaped involucre is united at the base and bilip|)od 
higher up (Fig. 17 and Fig, 2, PI. XIX), This partly fused condition has presented 
a lot of difficulty in the correct identification of the genus. 

Figs. 18-21 are slightly oblique serial transverse sections of a young sorus from 
base to a})ex, showing the gradate development of sorus and some other points 
of interest (see also Fig. 6, PI. XX). The lower portion of the involucre is throe to 
four cells in thickness (Figs. 18 & 19) while the upper portion is only one cell 
thick (Figs. 20-21). Fig. 18 shows the receptacle (r) in the centre. No sporangia 


Explanation of tbxt-fioukbs l-Il 

Lettering — ax.h.t., axillary branch trace ; c.L, common trace ; end.^ endodemiifi ; epidermis ; 
I.C., inner cortex ; l.t., loaf trace ; main rhizome })undle ; o.c., outer cortex j per., 

perieycle ; ph,, pliloent ; u.A., unicellular hairs ; xy», xylam. 

Fig. 1. Part of the outer layer of thf3 rhizorne showing the unicellular Ivairs, covering it. X 185, 

Fig. 2, Transverse section of the rhizome. X 185. 

Fig. 3. Longitudinal section of the rhizome. Xl85, 

Figs. 4-10. Serial transverse soctions of the rhizorne showing the leaf and axillary branch 
trace soquonce. x75. 

Fig. 11. A macerate<l preparation of the rhizome showing the origin from the main trace of 
a common trace, which later dividos into leaf and axillary branch traces, at the potiolar 
base. X 34. 



m 


(MCHS) irnUA ;‘IHARMA : »TCJUIRS ON INDIAN HYMBNOPHYLLACIBAB 


art* born* tt thb* lev* !. Fit'. 19 in the next higher .section showing sporangia (sp). 
in diftVn-nt fh v* lopfnental stages. Fig. 20 shows a section at a still higher level 
with tlHvmature sporangia having a bnv Hj>on*s in them. In Fig. 21 are represented 
oftly fvio H<^parab* single l«iy«‘nsl Ihips of involiHTe. This being a young sonis the 
Haps <‘xr* n<l f** >ofid tie? ti[) of the ns‘*‘|*tach- but in older sori th** receptacle procetKls 
beyond rlw^ (laps and b<*rofn**s e.xsertc*d. 

rc'cc prac tiliir s(if)ply is a c ontirinaiion of a laminar vein. In the material 
f xamincd by fin* author, flu^ v'as<*idar snpj)iy of the fertile pinnule splits up into 
rhn‘c slrartds oji e ntering the reeeptach*. The central one supplies the receptacle 
itsrlf arid thc‘ other two tat^ual cntcT thc^ two vaiv(‘.s along the line of their 

biMiou iFigs Is 2ci). The ns cptanilar sn[)ply is more pominent in the bas^il portion 
but Ix c orncs leH;s fjrfin<’d higlier up. probably due to want of lignification. 

Th*: iiidividual crlls <»f the involucre contain many chloroplasts lining the 
c*i'll wall (Fig, 22). 


S r < » HA \ c ; I A L I ) K V KL< ) PM E NT 


Hn* Hpnanginrn uu^asun .s :;20// long and is initiated by a single cell (Fig. 23), 
vvbic ti IS a big hupeu licial c<'ll (»( the rcss^ptaclc*. It is densedy eytoplasinic* and has 
a big nnch'us. 1’liis cell dividc's t ransvcM'sely (Fig. 21) to form a lower stalk eell 
and an iifipc r .sporaiigial erll. d'lie stalk ceil divides longitudinally oiu^e or twice 
but docs riot dfwclop any fnrthc'r. Xor do any of th<‘se eells cdongate so that the 
adult spiu'angnuu remains almost sc‘ssih‘. T\w stalk eell merges with the roceptacular 
c’c'Ks ju\d the e\rc‘fMlingly short stalk of the sporangium is only two cells thick (.v/.) 
tig *j / . ^ I he upfK*r cell form;-: t he sp< >rangium propiu', as in othcT leptosporangiato 
fcuuis (Fame's, hv further divisions, d'h** first divi.sion of this e^edl is oblirjue, 

dividing (h<‘ sporangial <'*11 into two uiuMpial halvc's (Fig. 25). The' bigger eell 
divieh's <d»li(jii(dy again resulting in the' formation of thnu' cc'lls (Fig. 2t)). Ky the 
pcriclinal division of the upper wW a ea'iitral triangular e*cll is outlineal (Fig. 27). 
riu' p<*nphcral ceHls start dividing (Figs. 28-37) and ultimately form the?" WTill. 
Meanwliile the central triangular ctdl niuh'rgoes a few divisions with walls 
angles to eaie li otluM' (f5gs. 29 (V 39). Ferie linal divisions also 
eiutlinc* a e c'nlral mass o| cells now s*‘parati*<! from the 

(Figs. 35 37). ddu'sc' become' the (apeturn while the e-entral mass of cells repe'atedlv 
divide to form tlie spore' molht'r ea-ll (Figs. 34 37). Each spore mother cell has 
got a .single nnedens with 4 or 5 iiuch'oli and eh'nse evtoplasin. Macerations show 
that eac'h spiranginm shows lf> spore motluT eells. *Thes (3 divide by subsequent 

Sport'S. 


at rij;ht 
occtir again and 
■sporangial wall by twtj layers 
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roif/ < ; rp.. cpKlormis ; end.. ,'i\<lo<U'rmis ; in., itivolucro ; i.c., inner cortt'X • 

!!;• s«.-(i,m ,.f ,.rtrt ..r leaf hi (i.o l)iws»l recion. x 17.5 

»howinn only xylem and 

tbo K'Hf fn>m its ai>ox. Xoto the reduction in scloivnchyma. 

' a.td‘ in the form or a p.at. 

7 Tnl'! hii'r*' 'r"'" 1“^" "*'l>«'-atod out from (K« main t,u.wlle. x37r.. 

I« »"ol„crc showmR the partly cxsi^rted rpocptacio in tho centre xlO 

Jion ia wt aTTx (expw: 

22, Cells of tho indnHium sUowing ttio chloroplufit. x260. 
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A wirigle ro.v of Cf4l8, from the 8p<jranj;(ia wall, forms the amiulus (Fig. 38). 
"rhe v/all ( ells are elongatf'd. The anriuluH is made up of 20 to 22 cells and 
oh}i(ju*v opt^Ui by a trausverHe slit marked by a couple of thinwalled large cells 
(Fig. 34) TIjc HiMinuigia are placed horizontally on the receptacle (Fig. 5, PI. XX). 
The fionuluH is direeted toward.s its receptacular ai)ex. A lateral view of the 
sporangium (Fig. 3S) .shown that the inner vcall of the annulus and its radial walls 
are aU) vf rv thick. The outfT wall is comparatively thin. A surface view^ of the 
sporangium (Fig. 3h) nhown that the annulus is broad. 

OVTOLOCiY 

All the cytologieal stages, leading from the spore rmjtlier cells to the spore 
formation stage, are setui. 'fhe spore mother cells are pyriform structures with big 
mnlei, having fniir or tiv<* nucleoli, a faintly staining reticubim and dense cyto- 
])lasm (Figs. 37 and 10). 

Firnl l>iri^ifjn of T/c.fo.sM {lb tf.rofi/pic (liri^iions). 
l^rophuMe 

Fig. 4o is a s(?< tion of a young sporangium showing two annulus cells {an) on 
(Other nid(\ the two layered tape! urn and th(‘ (central mass of spore mother cells. 
Th(’ inn» r laytu* of tapeturn ( un be .^een to be disorganising (Fig. 40, see also Figs. 
II 13 b‘i). 3'h(* sp(jre motli(‘r I'ella are pear-shaped with their narrow ends 
facing inwards. 'Die liiK lcii.s i.s .situated at the f)eriphery, with thread like, darkl}'" 
staining n tieula s<‘en in difiVrent stages of development and cut at various levels 
(Fig. 40). 

Fig. 41 is a late profihasc stage. The (rhromosomes are now' organised into 
small hodi( s. 'riu^v may he of varied shapes but are always short and sometimes 
H('en to he divich'd (»r forkrnl (Fig 42 & Figs. 0, PI. XX). The chromosoineH 
r('Hernf>le tho.se of Frirhomanes pliraton^ v.d.B. {Crepidomants plicatnm v.d.B. 
Fop(‘l.) as studied by Mehra and Singh (1057, PI. 10, plujto 15). Tlie number 
of ( lirornosomes co\»ld not he couuU'd because of the lack of fresh material. 

Mi'Uiphasv. - * 

Fig. 43 shows the nu>taphase stage of the first meiotic division. At this stage 
the spore mothtT (‘(41s lie irregularly in the sporangia! cavity. The spindles are 
formed and tlu* chromosomes arrange themselves at the ecjuatorial plane (Fig. 43 
t'i: Fig. 7, PI. XX). The iniuT layer of the tapeturn is more or less completely 
disorgaiu.s('d. 


Explanation ok text- figures 23~40 


; spr.m.c., aporo mother coll ; %t., atalk ; tap,, tapotum. 

r ..MvV Ji. Stag(»s in the aju-ragium tommtion Irotu a binglo coll to a fully doveloped srHoran* 
gmm. For ('xplanatum aoo tho text, x 37r». 

Kig. 38. A fully <f,n o oimi.! siK>mugiuiu showing tho annulus and elongated, narrow cells of 
tho a()orangium wall, x 200. 

Fig. 39. The aimulua oolla tuxm in surface vit^w. x260. 

Kig. 40. The siwrwigiuin showing the early prophase stage. ‘The Utread like, darkly staining 
rotwula are seen m diflforont stages of tho development and aro cut at different levels. 
X 375. 
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a- Tflnpha.i^ - 

A [M>?;silj|y lat<‘ auaphas<^ or early telophase* stage in shown in Fig. 44. The 
< loonioHurrit l)Hve ( oIIcm rte?<l at tin* poles as can be made out in the polar or equa- 
torial viows (d tin? spindles irj the spore mother cells. 

Fig. to shovss the late tclo()haKic stage with the cell plate and the nuclei at 
the two poles. The Hpirnllf's arc fliHaj)p<'aring gradually. The inner tapetal layer 
is coinpleto^ly disorganised. 

Fig. 40, 47 and Fig. S, PL XX arc the bilateral and tetrahedral 8pindie49 of the 
m<‘oijd divi.sion. Su<h divisions are not very frequent. The author presumes 
that this is due (o a very short interf)hasic duration, ft is also clear from the 
above figures that the spindles can be tetrahedral as well as bilateral and that the 
«‘e|| [)Iate of the first, division pfTsi.sts for some time. 

Fig. 4H siiows thiee mn lei <»ut of four belonging to a tetrad. Examinations 
of sertituiH sho\v(«d that all thes(‘ four nu(4t‘i are connecte<i by spindles of cyto- 
kinesis so tiiat there* ar<* actually six spindles conne(;tiug four nuclei. This has 
hetut just tigun-d iii IhooIi'm coromnnflf firm (Kkambarana k \'cnkatanathan, 1933) 
(l^ig. 49). 'riu‘r<’ are two [xmsible explanations for Fig. 4S. One is that the two 
sfiindles (4 tlie ('arlier divisions persist and four are formed a new. A second 
uxplanaticui is that extra spindles are formed afresh. Sharp also records the 
o( currencc' of such e.xtra spindh's in Nicaiiarui (1934). The author presumes that 
the same (explanation hohls goo<l in ( 'rt pidomdiu^H Uiitalaiuvi . The cell plates are 
laid along tlu' e<|natorial plaru* of these eytokinetie spindles, fn the ripe sporan- 
gium, t<*(rads with th(‘S(‘ <*(4I plat(*8 eaii be eh'arly seen (Fig, 49). The next 
stage n( diced is ratluT advan('<‘d and shows the formation of four spores whose 
t»‘tralu*dral afTangctnent can be (‘asily seen (Fig. oO). In all (54 spores arc produced 
in each sfxuangnnn, all of whii h s(*em to be viable. 


P]xrnANATION OF TEXT-FKiURES 41-62 


Lrtterinff nn,, aruuihi.^ , crll plato ; rAr.. cUroinosoiucs ; nuc,, nucleus; r., receptacle; 

nporc mothrr coll ; .sprj., spore tetrad ; t.r.ni., tri-radiate mark ; tap., tapetum. 
i L A late prepliH«<‘ stage sliowiiig the short and thick chromosomes. X 375. 

IJ. Only niu' spore mother cell magnified to show tlio short and thick chromosomoe. 
;• s:>u. 

■13. The heterotypic inetaplias*^ stage. 

> 375. 

11. A lute anapluise or early telopluw<^ stage, 
sotues snd the spindles are x 37.5. 

Jig- iA. \ latt' tcloptiuse stage. A thitk cell plate is f*,eon at tlio equatorial plane ot e^h 
.spiiidie. \37.‘>. ^ 

1 ig. 4S. A .q»or»' fmither cell slvowing a bilateral homotjq^ic motaphaso stage* 

Another spore mother cell with tetranedral spindle, x 700. 

Spore nenher cell showing thn'o nin lt>i connected with 3 seta of eytokinetie spindles. 
I he coll plnn.« not yet unit^Ml. Oilier tlmH> siUs of tlio spindles could be seen on 
lie otJicr side conmMdnig these three nuclei with the fourh one. X 700. 

1 . fhe sjKirmiguini showing Htx>r%> tetrads not yet «tvi>aratod. The spindles have dis- 
>'375 ^complete cell plates of the 6 sets of S|)in(lle 8 liavo united in the 

of spores in the s[>orangHim. X.375. 

(oalure spore in svirface view. x850. 

VmliaTo ‘niart of the wall, the nucleus and the iri- 


Fig. 

Fig. 

Fig. 

Fig. 


Fig. 

Fig. 
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4H. 


The inner layer of tapotiun starts disorganising. 
Polar or equatorial views of tho chromo- 

ine ot i 
x700. 


Fig. 10. 
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S’POUEH 




l’}(< i|i«>rr 4 ar(* hnni< ^lo}»ose in Htriicture, with the triradiate mark 
<ai th* |irn v 3 i»iaj ‘ (Fi</. r» I ) and inoasure 42/4 by 4f3/4 in diameter. The thin 

otH* nnoMf lav^ r <4 tin- sfv.nwall is ^imooth. Next to this comes the spiny layer, 
rin* inn* ifn-Mt layrr i.-s thick an<l Nlrati(i<'<l o2). Fig. 52 is a section of the 

.poM* 'ucl 11 - Imoss the wall, nu< Inns, nil glohuh‘s, cytoplasm and triradiate mark, 
'fit* sjD rn cnnt<‘nt^. iiH hide soinc starch urains also. In the peripheral portion of 
the s[;niv ;hn ( vtnplaMn iw nf ii slightly denser consistency than the central 
(Fiy. 52), 

A( ’ K N ( >\\ LK I)(i E M KN T.S 

The atilhni i< highly gn tnful to T)r. A. H. Rao for his kind and valuable guid- 
ance dining (he c<inr;ie of Hn* present ifivestigations. She is indebte^d to the 
ioithotiiies <d the Kr'W Botanic (hirdcns for the identification of the material, to 
I)r\ S. Ii. Kansldk tor kindly [ilai ing tin* present matandal at h(‘r disposal and to 
Mr S. K N^ttli tor taking the plioto?nicrogra})hs. 1'he author is also deeply in- 
detitcd to Ihut. S, X, T4is toijita F.X.F., for the inttn'c^st he has evinced in her work. 
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Explanation of Pij^tks 

All photographs aro from iinfouoht«l uogativ<'a. 

Plate XIX 

Fig. 1. Part of plant showing., two U’lavoa with nw'pl (volps and tho filiform jot lilaok rhteoiiio 
with axillary hranobofi. {ax.br.). xl.4. 

Fig. 2. Apical part of limf Hliowiivg tho hiiippod indiinia autl «lightlv oxncrtod roc«'j>1aclo boaring 
s€>83ilo Rporangia all rouiiil. Tho dichotomous vt*natioii of tlio pimuih^H aro oh^arly 
X 4. • 

Fig. 3. A small portion of tho kvaf lamina magnitlod to show tlv^ false veinlots xinconnocbnl 
with tho dichotomising midrib. x35. 

Platk XX 

Fig. 4. Transv'orso soction of tho middio region of tho loaf showing tho midrib hnmllo an ; 
tho pinni\ traco. {ep.^ o]iidormia ; t.c.. inner cortex ; lamina ; m.ft., midrib Inmdled 
O.C., ontor cortex ; p.f., ]iiniia trace). >; IdO. 

Fig. .1. Longitudinal section of the receptacle showing the sporangia on it in different sUigott 
of development. Tho involucre can be 8(sm to be H cedis thick in the fused cujidiko basal 
part and siiiglo layered higher up. (in., involucre ; r., receptacle; jn/i., s{>orangium ; 
on., annulus.) x 102. 

Fig. 6. Tbro€> spore mother cells with short and thick chromosome's , The nuclear wall dis* 
apjioars at this stage, x 1045. 

Fig. 7. The hetoroty|>ic. metapliaso stage showing tlie bijiolar spindle. Tbo chroruosfunes 
are arranged at tho eijiiatorial plane. xll79. 

Fig. 8. A hoinotypic metapha.se sbige showing two spindles lying .si(h' by side and the chroino* 
Homes arranged in the equatfirial plant'. Tlu' two spindles are separated from each other 
by a thick cell plate formetl in the first ht'terotypic division, (r. pi,, cel) jjiate.) x 1179. 


At.l tbxt-kI(3J’hk.s are camera lucidu sketehes. In figs. 40 50 the forms of the chromo- 
somes art' slightly diagrainmatically rej)r<*.s<'ub>d a« they art; not clearly visibU'. 



(^OMPAP.ATIVE ANT> FITNCTIONAL MORPHOLOGY IN THE MONO- 
UEXKAX FfAFrOR AH REVEALED IN TITE MOST ADVANCED TYPES* 

hy K, RAMArJS<iAM**. ('nilral Marine: Fish^'.ricji Research Statiori, Mandajxim 

('amp, P.0,, F. India 

((^)mmunicated by N. K. Parvikkar, F.N.I.) 

{Rece ived Jan*'. I : read August 5, 1960) 

Abstract 

Dinvrt o>A^»rv'ationji Hr« nuuJo on two juvonilo Rpociinens one bolcMiging to Lithidiocotyle 
MzrufuUi, tlu' oth^r >>oUMigiiig to KnnnafJmlluji univftyinalis, ono a<^iult Heteraxine indicn and 
A lofig of |Kw<t-om‘omira<'idia, juv ^nilea and iiiunaturo Priced Hpp. which afforded evidemMJS, 

proHonUxi f<,>f tho flr«t witii rogunl to tho origin anti homology of the functional haptor in 

Un» itu|HirfaiiLi)y Ui< lidofdioroidra of Priro (1930). The evidences suggest that the superfamily 
is a )iererogt>m'OiiH »Mw«'fuhlag^* of two diHtinet groups ; one group with four clamps on €^h side 
arul th») f»m.<jtional hajitor Uniig fi»riu*Hi fn»iu the anU^rior two-thirds of tlie larval haptor and 
the lUhee group with the poU'iit iality of unliinit^nl tuldition of clamp units in luetanieric succes- 
sion in whii)h tlv> functional luiptor includes the anterior two-thirds of tlxe haptor» though by 
far the great4^st part is a fC'wly formed ent ity in <lirect continuation forwards of tiie larval haptor. 
'Hms study Justifh^ the Meparation of the families Microcotylidao, Gostrocotylidae and'Axinidae 
into a su(ierfiviniiy Mi<uo<otyloi<lea, effecUMi by Unnitlian (1957) without assigning any valid 
niasons. 

The (diangfts Ovat occur in the post oncomiraciilia of Pricea spp. to the juveniles are des- 
.Tihtvl for the tirst time and coiuparis^uis are ma<lt> with the dev’clopmontal stagi^s descTibed 
fi^r OitMtrfH'oiyif tnirhuri and P^eAuhtrine frnchuri hy Llwtdlyn (1959). 


Introduction 

The taxonomic impordanec of tho functional haptor in tho superfamily 
Diclidophoroidca IVicc (lU.dd) cannot, be over-emphasized. The origin and homo- 
logy of tho functional haptor cjf this group as to whether, it is a newdy formed 
structure auterior to the larval haptor or wdietlior it is formed from the larval haptor 
itself has remaim*d ambiguous hitherto. Hproston (H)4d) holds the former view' 
whether Frankland (lOof)) and Llwellyn (1957) hold the latter view. Neither of 
these views is ade<|uaUdy substantiated in their publications. 

Material 

'riu^ material studied included two juvenile specimens one belonging to Liihi- 
diocoiyh secunda Trijiathi (1954) and the other belonging to Kannaphallus univagi- 
i\alis Uamalingam (In pn^sl ; one adult .sjHJcimen belonging to Heteraxine indica 
llfiuiali Ilgam (in press) and a long series of post-oncumiracidial larva, juvenile and 
immature Pricf^a spp. obtainiKl from the gills of Scoml>eromorus gvltatujt, (^aranx 
sexfasciatuH and Scombt^romoru.'i guttaius respectively. 


Description 

While examining a number of specimens of Lithidiocotyle secunda from tho 
smallest having 3/3 clamps to the largest adult having 133/136 clamps, it was 

♦ Fornunl part of t}vc8i9 approved for tlio Degree Doctor of Philosophy of tho Uiuversity 

of Madras. 

addreoe : Zoological Roeoaroh Laboratory, Uiii\'orsity of Madras, Chepauk, 

Madras 5. 

VOL, Je, B, Ko. «. 
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observed that a single juvenile having 6/4 clamps on the haptor retained, bestdeii 
the two pairs of anchors, six marginal booklets (Fig, 1), Of these six booklets, 



Tjbxt-fiqs. 1-8. 

Fig, 1, Haptoral region of the juvenile lAthidiocdyU secunda ehowi^ the marginal booklets. 
Fig. 2. Saptoral region of juvenile KannaphaUus univaginolM ihowing the marginal 
iuwklets. 

Fig. 3. B^toral region of the adult Htiefcmne indica showing the marginal hookleta. 

Fig. 4-8* ohowing the metamorphie changes that take place in the haptor ox the post-onoomira- 
oidiid larva of Fricea spp. during growth. 



[m K. : COMrABATlVK AM> FUJIOTIONAL MORFHOLOGY IN TEK 

two un- iji U;tvvet*n two diswimilar anchors, ouo on each side. Of the 

tanmmin: tour hooklets three are on tike haptor by the side of the three i> 08 terior. 

rLunp^i iind about the siurie level, whereas the fourth one is on the ojiposite 
hidr^ of t.h(^ haplor near tin- love! of the third clamp from the posterior end. The 
l>f^lun( le of the elarkips uriHc inner to the hooklets. 

Irj a rolltjeiiun ni specimeas belongiikg to Kannaphallm nnivaginalui 
(rrprt^nf'Mting from the juveiiile willi 1/1 clamji to the largest adult with 26 clamps 
on the longer nide of lli(‘ haptor) a single si)eciinen having 2/2 clamps retained four 
"marLOnal ho^ikh ts (Fig. 2) hesidc'S the two pairs of anchors. These hooklets are 
in Iront of tht; proximal two (;lampH, two on each .‘^ide. 

Of rim f.ur adult sjsreimens belonging to Ih'U.raxinc indica examined, one 
retam»*d live marginal honklets (Fig. d, IM. XXI, Fig. 1). It has 34 clamps on its 
left Hide an<l ore* i lamp on the distal (*nd of the right side of the haptor. Of the 
liv<^ h<M»klets, three aiv present iir front of the srjlitary distal clamp and the other 
(svo hocjkhtls are preserU on tilt* loft side by the side of the tw’o posterior-most 
elam])s at about tlu^ sam<^ bnei. 

TIh^ (Silliest post oneorniiaeidial hu va of /V/Vm spj). (FI. XXI, Fig. 2) agrees 
vOth th(^ larva UaMruintyh. inirhuri d(*seribe<l by Idwellyn (1959) in the general 
eliar*a< t«'rM, rr:., in the absenet* of cilia, (‘ye spot, in the presence of buccal suckers 
and th(5 o(‘sopliagus hi ing bifurcated l>ut diiTers from th(‘ latter in the presence 
of marginal h<M»klets. May he, (In* pi(‘S(‘nt form recorded might represent an 
♦Eit her stage to that dcs( rilied hy J^lwellyn. Tln^ following description deals with 
the (‘liangcs tiiat takr* phvee during the motamorphic growth of the post-oncomira- 
(’idial larva of l^noa Hjip. 

Figures 4 l<» H r( 4 )resent the ehangCvS that occur in the haptoral region during 
lh(j rnctaniorphic growth of the post-onooiniraeidial larva of Pricea spp. to the 
juvauult^ stag<‘. 

1’h(/ haptor is discoid and has nndergone no modifieatiou in th(‘> earliest post- 
oru'omiracidial larva (Fig. 4, IM. XXI, Fig. 3) : it is (h09 mm. long and 0.15 mm, 
broad in a larva measuring 0.50 inin. long and 0.15 mm. broad. With the growth 
of the larva, the posterior r(‘gion of the worm (‘longHtl^i (Fig, 5, PI. XXI, Fig. 4) 
to form a distinct nu*iliaii terminal lajipet and the two pairs of anchors as w(*ll as the 
posterior jmir of marginal hooklcls between them are pushed backwards. This 
haj)pens in a 1.31 -.0.13 mm, larva. A similar t)bscrvatiou was made in the larva of 

fitlnxint' trnrhuri by Llwcllyn (1959) whercin the anchor bearing lappet elongates 
(orisidcrably with a dith^reiut' vi/., the surviving oncomiraeidial posterior hooks 
and posto)Ucon[iiracidial hooks an* n'latively further apart hut in the present case 
the ('\pansion oct-urs in the rt'gion iRdwccn the lateral }i()oklets and posterior hooks, 
th(' p(»st -oiU'omirai ulial liOok lying in the n‘gk)n of the posterior booklet is also 
carried with it. d’lu* lateral wings tlank the posterior region of the body for a 
length (»f 0,08 mm. and it giv(‘s the appearance of a llowor vase. It has on them 
lour pairs t:)!' marginal hookets. Tlie terminal lapfiet is 0.13 mm. long. 

'Ihe tir#t pair of ( lamp anlagtm is seen at the level of the fourtli pair of marginal 
hooklets (fjrom tin* proximal end of the haptor), thene^ successively forwards, 
(Mamp anlagen arises just medially to the hooklets. A similar observation is made 
(Ui the juvenih' L, xxt/m/o. In the 1.43x0.19 min. post-oncomiracidial larva 
(Fig. 6. PI. XXf, Fig, 5), the length of the haptor from the antermrmost clamp 
anlagen to the tip of the terminal lapjHd is 0.27 mm. the lateral wings extend for 
a length of tk.OH min. and the terminal lappet is 0.15 mm. long, 

SiK'cessivc elani]) anlagen are seen in the proximal region of the haptor as the 
povst*oneomirai'idial larva grows. In the 1.60x0.21 mm. i)ost-oncomiracidial 
larva (Fig. 7) the length of the haptor from the anteriormost clamp anlagen to the 
tip^of the terminal lap^iet is 0.40 mm., the lateral wings extend for a length oj 
0.07 mm. and the terminal lappet is 0.17 mm. long. 
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post-onoomiracidial larva grows as a whole, tlie region bearing 
the hooklets dow not show any apparent growth ; the terminal lappet itself grown 
only to a ma ximum of 0.17 mm. in 1.80 mm. larva (Pig. 8). The growth of the 
terminal lapmt does not seem to proceed further and in the admt measuring 
^7 mm. and haying 110 clamps, is only 0.17 mm. long and does not grow further. 
The lateral marginal booklet present on one side of the haptor of the larva is the 
fourth booklet. 

damp anlagm are seen subsequent to the elongation of the haptoral region 
into the two distinct regions (Pig. 5) : the anterior region consisting of the lateral 
wings that flank the posterior region of the body and the posterior region consist- 
ing of the median terminal lappet. 

Oallien (1934) thought that the adult clamps of Diclidophora Iumm were formed 
round the lateral hooklets of the larvae. Frankland (1955) said that the clamps 
of Did%dophora derUtculcUa are formed at the level corresponding to the larval 
hooklets and external to them. Neither of these authors have adequately sub- 
stantiated their contention with figures. Frankland also states that in the deve- 
lopment of Diplozoon parndoxuin studied by Zeller (1872) the adult clamps are 
formed at the level of the corresponding j>air of larval hooklets and this is not 
substantiated with figures. The present observation agrees with the views ex- 
pressed by Gallien and Frankland but differs in that the clamps are formed 
interual to the hooklets in the post-oncomiracidial larva. 

The four pairs of marginal hooklets are present in the haptor of the post- 
oncomiracidial stage as it retains the discoid form of the haptor of the oncomira- 
cidium. With the elongation of the posterior region of the haptor the hooklets 
are lost in succession from forwards and this is inferred from the observation on 
the post-oncomiracidial larva retaining the distal-most two pairs of hooklets in the 
lateral wing like expansion of the haptor. Of the 34 specimens of the post-onco- 
miracidial larvae examined, six retained all the four pairs of hooklets, five retained 
a maximum of four booklets (posterior two pairs), while the remaining 23 have 
lost all the lateral hooklets. These hooklets are lost much earlier to the differen- 
tiation of the functional clamps, even though, in the majority of the larvae the 
clamp anlagen are seen. This seems to suggest that the hooklets play only a 
subsidiary part in attachment. But Frankland (1955) is of the opinion that in 
Dididop^ra denticulaia the lateral hooklets disintegrate by the time clamps at 
the level of the corresponding booklets take over their (booklets') function. 

The fifth pair of marginal hooklets between the two dissimilar pair of anchors 
are retained in the worm having in all 22 clamps. 

Thus direct observations have now been made on the post-oncomiracidial 
larvae and juveniles belonging to three genera namely Pricea^ LUhidiocoiyle and 
Kannaphallus and besides on an adult worm belonging to the genus Heieraxine 
which provide basic evidence for the site of origin and homology of the adult haptor 
in relation to the haptor of the oncomiracidium larva. For the first time figures 
are now given showing the relative position in situ of the larval hooxlets which were 
drawn ftx)m the specimens in my collection. They are deposited in the collections 
of the Zoological Survey of India, Calcutta. 

It is observed that the functional haptor in the subfamily Priceinoe (Gk^strot 
eotylidae) in which the metameric succession of clamp units is unlimited include* 
the anterior two-thirds of the larval haptor, though by for the greatest part of 
the adult haptor is a newly formed entity in direct continuation forwards of the 
larval haptor. There is a strong presumptive evidence that at least in Diclidophora 
spp. the functional haptor, in which the number of clamps is limited to four on each 
«de, is formed entirely by the anterior two^thirds of the larval haptor. 

3 
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Discchsion 

ft< tnl' v (HM2t (i)und that in Micntmliik npinicirruA the clamps are formed 
Hnt,. fi-.r to tlK- l<:v. l of the larval haptor. From the preliminary study of Sandars 
(I It ft) ofi Diiilnuiorobfk, jithn-^O'ni, Franklaiui (1950) infers that the successive 
. lain|).H may he aiMed both la-fore and behind the first fonned clamps. Sproston 
iMUh) in her diai'fioMis of the Hujicrfamily Dielidophoroidea includes the statement 
that the adult ha|)tor is formed anterior to the level of the larval haptor in all 
fafiiilicM a }>oint whi<'h in view of the subsequent discoveries call for emendation 

(,Ih< rvation.^ 1 <m< 1 to a further inference. In the Suborder Monopietho- 
find the Hup 4 *rhifnil V Pelyist<innitni<le{i of th<^ Suborder Polyopisthocotyloa, 
the liirv'rtl luipter in tri«n>4t‘irt*n’d fis ft tt^hob. into the fidii.lt hftptor. In tho four 
exHtnpleH Htiiflied in this work, ht^lon^ing to the families Axinidae and Oastrocoty- 
lidae, only Hie fut-tffiftf t^nhihirds of tiu* larval haptor contributes to the adult 
ha[>tor. 

In the rm^rnhi rs of tie* families Mierof‘otylida»‘, Axinidae and (Jastrocotylidao 
the inluh ha[>tor has an entin‘ly n«)V<'l character in that its nietameric succession 
of* units ((’lamp.s) is n<»1. restricted lo four ofi ('aeh side of the haptor as is the case 
in the rest of tlie families lish'd in Hie siiperfarnily Dielidophoroidea. 

I Ml riu^if ally, rm riders of the family ( lastroeotylidac like Microcotylidae and 
Axiniilae fiava^ an infletiihlr eap.ieity lor growth, and this is almost uniiiliibited 
in the menshciH of Hie siihlamily Prieeinae. d'ho addition of clamps in the 
itiemht‘r>i (»f this Huldamlly is imi<’h more (*xtensivc than in Gastrocotylinae : a 
total of 1 in ( lamps are present in a specimen of Pricea sp. and a total of 200 clamps 
in a spiM imeii of Lithid iocotj/b Mrcinubi werre ohserved. On the other hand, in 
( hist roeotyliiun* 1 he addition of clamps is mmh 1(‘H8 extensive: a maximum of 
do clamps is naorded in anil 07 clamps in Pfiendaxine. 

Moreiivta', clamps in l*riceina(‘ slunv ji^reat variations in their structure, as 
se<'n in bifJndb>rnft/lr and Prir^a, evcai though the fundamental })laii in both is 
jiastroeotylid. Whereas in the meinhei's of the subfamily (histrocotylinae, tho 
clamps liave not undergone any modifications and they are all of the primitive 
type. 

In tIu* post (Uieomiraeidial larva of Prirm sjip. two to three clamp anlagen 
ar4‘ rorme<l (Figs. 7 and S) in the* zon<‘ lad ween the successive marginal booklets; 
wlu'ieas in L. strnn^ln and Hitfrnrine indim a single elamp only is observed 
against <‘aeli booklet (Figs. 1 arul .d). It is probalile that in Prima spp. the clamps 
an* form«‘d at a more rapid rate to begin with Hum in L. securubt. During tho 
later pi^riod of growth L. s^cintda aeipiires a largtT number of clamps than do 
Priern Hpp. Thus a specimen of L. sreundn meastiring 15.45 nmi. has in all 269 
clamps, while a sjiecdmen of Prinih sp. measuring 5.86 mm. has in all 140 clamps 
both (‘f which an* in the author’s eolletdion. 

To summari/e, tho miult liaptur in Ifeteraxininae (Fam : Axinidae) fwid 
Pjiceinae (Fatn : (uvstroeot ylidae) inehides tho anterior two-thirds of the larval 
haptor, and lontrihutes to liy tar the greater part of tlie newly formed entity, and 
it is in iliroet (‘onlinuation forwards of the larval haptor. In tho Diclidophoridea, 
the addition of elainps is n»stricted to four on each side. And in fact, from the 
ontogenetic evidence l)n)tight forward here, the anterior limit of the adult haptor 
is precisely identical to that of the larval haptor in morphology. In this nwpect 
It ])re»ent8 a sharp and significant contrast to tho members of the families 
Axinidae and (fastroeotylidae. • 

A convincing e(‘ho of phylogeny in ontogeny is seen in Fig. 1, where the first 
four elamp imirs on the larval haptor in Lithidiocotyk secur^ are in a double 



MOKOOB2^K HAPTOB A8 RBVBALKD IN THIS MOST ADVAKOBD TYPES 357 

median row. These are of a somewhat different shaj)c to the first formed addi- 
tional clamps of the adult haptor whieli have iH'giin to form in front of the margin 
of the elpugat'od larval haptor. 

The morphological eliaraeters as well as the ontrogenetio evidentie from the 
above study bring about clearly that the suj>er family Diclidoplioroidae of Pri(H3^ 
(1936) is a heterogoiieous assemblage of two ilisUnot groups: one (jroup with four 
clamp on each side and the fun(‘tional ha])lor being formiHl fnun the anterior two- 
thirds of the larval haptor and the other group with the potentiality of unlimited 
addition of clamp units in metameric sucetvssion in wliicli tlu^ fun<?tional haptor , 
includes the anterior two-thirds of the haptor, though by far the greatest part is 
a newly formed entity in direct coni inuatioii forwartls of the larval haptor. This 
latter group is repn^sented by families Mi(TocoiyUda(s Axinidae and (Sastrocoty- 
lidae. Tlie study on the juvenile and iinmatun* Mouaxine. Ihinithan (1957) 
with reference to clamp addition by the author (in press) reveals that a maxi- 
mum of four clamps arc formed on eai h side of the lia})tor after which not 
only no more addition of clamps takes place on one side but the developed clamps 
on that side are also lost ; thus suggesting that the development upio four damps 
on each side is possibly recapitulating an identi<‘al cbara(^ter sexm in the members 
of the superfamily Diclidophoroidea of IVice (1931)) ex(‘e])t those of Microeot ylidae, 
Gastrocotylidae and Axinidae of Unnithan (1957). Thus the evidences obtained 
from the studies justify the separation of those families from the superfarnily 
Diclidophoroidea and the creation of a ninv 8U|>erfamily to accommodate the?m. 
Though Unnithan (1957) has separated the above families from the superfarnily 
Diclidophoroidea, ho has not assigned any valid reasons. Instead he has created 
a new superfarnily Microcotyk)id(ja to accommodate them and has given the super- 
family diagnostic characters also. 

In view of the present f)bservations, therefore, tlie diagnosis of the super- 
families have to emended to be include cliaratders iMtsides thoH(^ mcntiomxl by IVicc 
(1936) and Ibmithan (1957) for Diclidophoroidea and Microcotyloidea respc('tively. 


Diclidophoroidea emend Price 1936 pariim 

Polyopisthocotylea in which the functional haptor is contributed by tlie 
anterior two-thirds of the larval liaptor. The number of clamps is limited to four 
on each side of the functional haptor. A pair of buccal poiu^hes of prismatic fibres 
usually occur within the mouth and a genito-inteniinal canal is probably always 
present. Parasites of gills of fishes or somc! times of (Tustacea within the mouth 
of fishes. 

It includes the families Mazocraeidae, (yhimaericolidae, Discocotylidae, Itexo- 
stomidae, Diclidophoridae, Chorieotviidao and Allodisco(;otylidao of Tripathi 
(1959). 


Microcotyloidea emend Unnithan 1957 
Diclidophoroidea Price 1936 pariim 

Polyopisthocotylea in which the functional haptor includes the anterior two- 
thirds of the larval haptor and by far the greater part of the adult haptor is a newly 
formed entity, in direct continuation forwards of the larval haptor and has the 
potentiality of unlimited addition of clamp-units in metameric succession. Haptoral 
units (clamps) not necessarily in pairs, present on both sides or on one side, either 
the right or the left. Tendency to either primary or secondary growth inhibition 
of one side of the hind body and haptor. In some only haptoral axis, other times 
there is a modification in size or shape of simple clamps leading to their conversion 
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into armed Huckere and thence to asyroetry and the addition of new scleritee. Total 
iniiihiti< *n of thf? haptoral axw may be present even from both sides of the haptor. 
Ovary in frc»nt r>f A pair of buccal pouches of prismatic fibres usually 

occur within the mouth and geni to- intestinal canal is always present. Parasites 
of gills of fishciH. 

It iruliidcH the families Microcotylidae, Axinidae and Grastrocotylidae. 
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HtUraxiw indict showing the marginal hookleto 
I ost-onc^nuracidial larva of Prkta spp. x 150. 

the post oncorairacidial larva of Pricta ^p. x260. 

^ post-onoonuraoidial larva of Prieea spp. showing the terminal Uppet 
7 “ “ posterior pair of marginal boosts be^ pushed book XM». 

clamp anlagen in ^region of the 1«?U»? of the^t^^^. 
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Abstbaot 


Threo varietiea of rioo plants, (aman), 8aHka (aus) and C.BJ» (boro) wore frown 

as broadcast paddy for the morpho^fenetio studies of the leaves borne by the nuun culm. 

The varieties show differences in (t) the number of foliar leaves on main cuhn, {U) the 
relative lengths of leaf sheath and leaf blade and (m) the sequences of the ratios between the 
lengths of leaf sheath and leaf blade (S/B) in all the successive mature leaves* 

The graphical representation of the 8/B ratios indicates that the culm elongation phase 
in each variety was accompanied by a definite fall in the ratios. Bar formation is evident mudh 
earlier from t^ higher S/B ratio of the leaf developing just before the terminal ear leaf. 


Introduction 

The paddy varieties in Bengal are usually classified into three agricultural 
groups, viz,y aman (winter), aus (autumn) and boro (spring) according to the season 
when it is harvested. Different vegetative characters are taken into consideration 
for describing the individual groups and varieties of rice, but little importance 
has so far been given to the behaviour of the plants with regard to the ratio of the 
length of leaf sheath to that of leaf blade, (S/B). Arasbi and Eguchi (1964) studied 
the growth of leaf sheath and leaf blade of rice plant in relation to the life duration 
of the leaves. Recently Kaufman (19596) hew reported the trends of leaf growth 
in a rice variety, Caloro, but his observations are based on inadequate number 
of measurements. In ordrer to study the sequences of S/B ratios in all the suooes* 
sive mature leaves of different varieties of rice and their relationship with certain 
important developmental stages of the plants, the present investigation with one 
variety of aman, aus and l]^ro each was undertaken. 


Matrriajls and Ubthods 

Seeds of F.R. 13 A (aman), Saiika (aus) and C.B. I (boro), oolleoted from the 
State Rice Research Station, Chinsurab, (West Bengal), were sown as broadcast 
paddy in big earthen pots on the 10th June, 1959. Qermination was nonnal and 
the plants were allow^ to grow under usual conditions. Almost every wedt the 
plants of each variety were separately collected at random to measure the length 
of leaf sheath and blade, and to note, amongst others, the phases of internee 
elongation and inception of ear primordium. These observations wm continued 
upto the harvesting time. The individual length of the mature leaves, leaf sheaths 
and leaf blades as indicated in the graj^ represented an average ot about 21 
measurements. 

The leaves were numbered acropetally from the base upwards by designating 
the oldest first>formed leaf as 1, and the successively younger ones in the amin 
culm as 2, 3, etc. 
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mobphooknesis in somk 



Position of leaf on the node of the main cmIw 

TaXT-FlO. 1 / ' 

Fig. 1. of mwM\ longih of iUo w\woo8am^ Tiiiitiifo leaves in eni. of (A/» Sdtiha 

{%) mui 0 .»J. (\J). 

, Observations 


Th*> iuiu tion .>f sheath ami blade in the rice leaf is f neraljy marked by thfr 
i)rtwem-e of a thin scale like ligule and a pur of sickles (Saba, 19ol.). The first loaf , 
or prophvtl is sheathing and non-laminate. It, may be compared with leaf sheath 
from the pn'seucc of woll-develoiied cross-connections between two contigwns 
hmaitodinal vamndnf strands. Grist (1953) describes prophyll as a bladeless leaf. 
Ewir? axillary hud developing into a tiller i» also associated at the beginiwig wiw 
such a k>af. The second and later-formed leaves evidently bear a 
The last vegetative leaf on each stem or culm is known as boot-, eae- of.flag-toaf. - • 
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The number of leaves coincided with that of nodes on the main culm ancL^s 
recorded to bo 18, 11 and 14 in F.R. 13 A, Satikn and CJl. I respectively • Irfiboth 
ScUika and C,B, 1 tli^ leaf lengths increased almost definitely upto the leirf 4th 
from the terminal ear leaf when thp stage of initiation of ear primordium tfegan; 
in F,R, 13A the ii^cmiss continucil upto the leaf fith from the ear leaf. In 4^1 the 
three plants, hov^ver, leaf lengths increased upto the stage when about Three- 
fourths of the tx^tal number of leaves to he formexl had developed. (Fig. 1), * 

A large nuihber of nodes with very short internodes remaintni crowded 4 
basal portio;^ of the culm, constituting a “hard culm base’* (Katyaina, 1931). The 
culm base whs* found to consist mostly of 10, 7 and 8 luxies in F,H, 13 A, Fatik(jC 
and f 1 rtJspectively oxtei^on of interniKies subsequently srarted aft^r the 
individual last nodes of the culm base, forming 8, 4 and fi elongated intef|nod6S 
respectively. [ 

The sheaths in almost all the threes varieties continued to incrc^ase in &ngth 
till the beginning of in teniode -elongation when their lengths dccroawxi grad^llt^lly. 
The Icuigth of leaf blades, however, showed a gradunl rise from the 2nd to tl|e 8th 
loaf in Satika and to the 11th leaf in (\1K / 4th leaf from the terminal one. 
In bi>th of them, with the formation of long internodes the length of the leaf |blade 
recorded a sudden jurnp and continued to rise till a fall was noted in the last j three 
leaves (Fig. 2). As maturity advanced, the early -formed lower leaves begjEtn to 
die and often some of the blades wore found t6 be damaged or injured ; nevertfteU^ss, 
frord the sequences of lengths of loaf bladc.s and leaf sheaths it could be f>^^ible 
to identify as to which nodes they belonged. 

The graphical reprosiintation of the sequences of the 8/.B ratios of the sucebssive 
leaves in FJi. 13 Ay Satika and C:B* I showed two peaks, one at the 2nd, i.4., the 
first laminate leaf and the other at the last terminal ear leaf. In case of tho^aves 
developing in the intermediate phase, the ratios, however, indicated comparalivdiy 
low values (Fig. 3). *, 

The S/B ratio of the 2nd leaf of the main culm vfm usually more than,»||nfty 
in Satika and (\B, / ^nd slightly less in F^R^ ISA. In all the succoHsive later-f4rmi^l 
leaves except ‘the ear loaf the ratios were, however, far loss than unity. 

In Sfitika and^C’./?. /, the S/B ratios increased distinctly from the 4th lei^f <fii- 
witards u^jto the leaf developing before the formation of lon|j; intermxles, bu& with 
the initiation of intet^iode eloi:gation they showed a definite l(itnd gradual falj{ upto 
the 8ih and llth leaf, respectively, i.e., 4th leaf from the terminal ear loaf. In 
F.R. ISA the rise and fall of such^atios before and after the startjing of culm olniga- 
tion were, however, not so evident. . \ ! 

The S/B ratios in the 10th lei^f oJf ^atika and the J3th leafk C.B. I (f.^1 2nd 
leaf from the terminal one) show^ed a sudden rise from. t|ioso of leaves develop- 
ing in the culm elongation phase, when the ear prinit^ium noted to have 
already developed fairly distinctly. In the ear leaf of Satika ^pd C.B. the 
S/B ratio was slightly less than unity. The formation of'i^r orVpaniclo beifomes 
apparent from the terminal ear leaf having blade relatively*^ ^ort/Or and brMjler; 
but evidences of ear formation could be noted even much eat^er from th^ size 
variation of the leaf developing just before the terminal ear leaf. 
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Discussion and Conclusion j 

4^- The present morphogenetic investigation on the three varietiea^^^xioa n^ 
F^. 13A^{eimskn)y'^Satika (aus) and C'.JS. 1 (boro) shows that in these Varieties there 
are diffe/ipences m (i) ihfi liumbi&r of foliar leaves on the nmia-oubn, (it) the relative 
lengths of leaf sheaths and of leaf blades, and (in) the sequences of the ratios between 

.1 - '/y' 


I V y-'- , ; f/ /'j > t* •' 'v. 

rz. rr , V, ^ r:-, 


v.* ♦ j -/y -',5* V; 


^ i.' 






Tmxr-ww^ 2 . 

Fif « 2« lUlatiott of meoa lengUi of tiio aiiooefliiTo moUiro ]««f ■heoUi ( — ) ami leaf Mada (• • •) 
in om. of the oeooiid to oar loavoa of 19w4 C4)« SaUha (#) aad CJEIX (Q). B and 
Hf Indioato roipoolliro^ otaco of oar initiaUoit and that of mtofnodo oknifatioii. 
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Tkt-wg. 3. 

Fig. 3. Sequences of the S/B ratios in the successive nukture leaves o{ F, BAZA (A)» Saiika 
(•) asid C.BJ. (Q) E and IN indicate respectively stage of ear initiation and that of 
intemode ekmSation. 

the lengths of leaf sheath and ‘leaf blade (8/B) in all the successive mature leaves. 
Interestingly enough, this S/B ratio indicate the development of intemode elonga- 
tion and that of ear initiation. 
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The l«raf lengthn in rice plant increaHe gradually upto the stage when almoBt 
three (d' the total number of leaves have tx^n formc?d. This phenomenon 

of c liarigen in size as seen in the Huceessive leaves formed during the development 
in indicated to be assoc iaterl with the usual homoblastic development (Goebel, 
I non). Arashi and Eguchi (19M) have also noted the variation of life duration 
of na< ii rice leaf acc ording to its {x>Hition on the culm, the later-formed upper leaves 
having longer life. The gradual incTcMisr^ in leaf size may, however, l>6 correlated 
uith the progn\Hsive elaboration f»f the shoot apical meristem during the develop- 
nicuit of tlic^ j>larit (Saha, llhVl ; Kaufman, 1959o). In maize Abbe et aL, (1941) 
fuuc also corn lateci the progiTssive broadening of the leaves with the growth of 
the f)lani showing comparable* increase* in the width of the shoot apex. In dealing 
with thc< formation of sori in Onocleoid and Bleehnoid ferns, Goebel (1930) has 
rtdern^d to the irn[)ortanc«^ of correlative development. This phenomenon may 
U* involvi‘d in the* (‘liang(\s of variation in leaf .size of rice plant according to the 
age* and c’ondithjns of plant growth. From another angle of views, changes in 
morphology front leaf to leaf are again attributed to a function of physiological 
age* uf tlH‘ f)lant (Krc rikc*. lOltt) and to some procc^ss of ageing in the meristem, 
nutritional ehangi>s bcung {smsibly involvc‘d (VV'^ardlaw', 1940, 1946; Ashby and 
Wangermann, IDfitt). 

1 hc' shcathifjg form of profthyll and relatively greater S/B ratios of 2nd and 
3rd leaves due to rc latively more growth of sheath may indicate the result of their 
primordial fornts lading re ported to be j»r<‘sent in the seeds, which are far advanced 
at germination (Saha, 1 9,16). 'fhe arrc'st of lamina growth was progressively delayed 
in the Miiccessiv^cly younger ones during vc*getative growth, w'hen a higher con- 
c^etitration of nitrogen, amino acid and amido nitrogen, and a lc 5 sser carbohydrate 
conti'iit wen* noticl (Xagai, 1959). 

Idle relatively shorter sizers of the leaves wdth Idgher S/B ratios in the last 
tlinv leavers in all the thrc^c* varieties probably result from the ear initiation during 
their growth and elongation ; because there are in a rice apex three leaf primordia 
in thiur t^arly stagers of ontogeny at the. time wdien the apex starts differentiating 
into an ear [irimordiurn (Akirnoto and Togari, 1939). During the period of ear 
iorrnalion a grc*ater amount of energy is known to be consumed in the develop- 
ment. ot the and the (arbon-nitrogen ratio of the plants showed a decided drop 
(Nagai, 1959). 

Formation of long intemodes at the beginning is not externally noticeable, but 
the Nuddcui rise* in blades length and a sharp change in S/B ratio fairly indicate the 
initiation ot culm elongation. Extension of internodes mostly occurred after the 
loth leal in F.R, liiA, the 7th in Satika and the 8th in C.B. I forming respectively 
8, 4 and t> elongatc'd intcTiuKlc's. (ire^iter number of long interncxles w'ith longer 
elongation phase may point to the Hood resistance c"a[)aeity of F,R, 13 A, the length 
of c ulm bcMTig prac tically dependent on thc^ number and length of long iiiternodes. 

In eoniuM'tion with the studies on the relatioi\ of the organo- morphological 
expressic)n ot thc^ vegetative with reproductive organs, Matsushima et al, (1954), 
have imlicatcMl the stage of growth in the tiller in terms of “foliar age index'’ (i), 
whic h is exprevssed in terms of the |)ercentage ratio of the number of leaf (n) and 
the total nurnlHT ot leaves {N) on the main culm whicli is fairly invariable as a 
varicUal eharaclc^r (< iijN >: 100). Fc»r example, if the index is 50, it is indicated 
that the culm is in a state in which half the number of the total leaves te be formed 
have alrc'ady developeil. Sucli indices at the time of initiation of long intemode 
in FM. 13 Ay Satika and (\B, / are roughly 56, 64 and 57 respectively showing 
that internode elongation may begin when slightly more than half of the total leaves 
of the plant had formed. 

Rarniah and Rao (1953) mention that during the tillering phase and until the 
formation of primordium ear, a rice plant docs not show any elongated intemodes, 
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exception being the deep water rices ; vigorous dioot growth starts only with the 
commencement of ear formation. But in the present study elongation of inter- 
node does not ^rictly show direct relation with ear development. It has boon 
noted that the initiation of ear primordium occurs at a stage when the 4th leaf 
from the terminal one has almost completcHl development, t.e., at the stage when 
6, I and 3 long intemodcs have already l>een formed in LiA , Satika and 

C,B, I respectively. The differentiation of the shoot a{H>x of rice into the pri- 
mordium of panicle or ear is also reported to at a stage when the 4 th leaf from 
the last ear leaf has develope<l fairly distinctly (Akimoto and Togari, 11)39). 

In the present study the culm elongation phase has been seen to be accom- 
panied by a definite fall in Sheath/Blado ratios, when the culm forms more than 
half of the total number of leaves in FM. 13 A, Satika and CJi. L A sharp rise 
in such ratios towards the end of plant life indicates the initiation of oar primordia 
in almost all of them. 

Further comparative investigations in the other rice varieties and in those 
already studied under variable conditions are in progress. 

Acknowledokmknts 

The author expresses his gratitude to Dr. B. C. Kundii, F.N.T., Director, Jute 
Agricultural Research Institute, Barrackporo, for his keen intert'st and for the 
facilities provided to carry out the work in the InstituU^ and also tlio National 
Institute of Sciences of India for the award of a Senior Research Fellowship. Thanks 
are due to the State Rice Research Station, Chinsurah, for su pitying paddy seeds 
of different varieties. 


References 

Ahb6, E. C., Randolph, L. F. and Einsnt, J. (1941). Tho dovelopmontal rolationship botweon 
shoot apex and growth pattern of blado in diploid maize. Amer, J, JSot,, 28, 778-784. 

♦Akimoto, S. and Togari, Y. (1939). Varietal difToroncos in paniclo d<welopment of rice with 
reference to early or late transplanting. Proc. Crop Set. Sor. Japan^ 11, 168-184. 

Arashi, K. and Eguchi, H. (1954). Studies on growth of loaves of paddy rice plant. I. The 
growth of the leaf bla<lo and loaf sheath* Ibid.^ 23(1), 21-25. Nagai’ft Japonica Kicr 
its breeding and cuituro. 469*471, Tokyo. 

Ashby, E. and Wangormann, E. (1950). Further observations on area, cell size and cell numboo 
of leaves of Ipomoea in relation to tneir iKwition on the shoot New Phytol.t 49 , 23-35. 

Goebel, K. (1905). Organography of planta. Part II. (Englisli Edn.) Oxford Univ. Proga, 
London. 

(1930). Organographio der Pfianzen. 3rd Edn. Port II. Bryophyton-Pteridophyten, 

Jena. 

Grist, D. H. (1953). Rice. l..ongman8. Green and Co., London. 

♦Katayama, T. (1931). Analytical studies of tillering in paddy rice. J. agric. Exp. Stu. Tokyo, 
1 (4). 327-371. 

Kaufman, P. B. (1969a). Development of the shoot of Oryza saliva L, I. The shoot apex. 
Phytomorph,, 9 , 228-242. 

(19596). Development of the shoot of Oryza saliva L. II. Leaf histogenesis. Ibid,, 

9 , 277-311. 

•Krenke, N. P. (1940). Theory of cyclic ageing and rejuvenescence of plants, p. 32. Moscow 
(Russian). 

Matsushima, S., Manaka, T. and Komatsu, N. (1964). Metltod of deteniiining the critical period 
of rice crop. N.E. 29(7), 861-866. Nagai’s Japonica Rice its breeding and culture. 
471-495, Tokyo. 

Kagai, I. (1959). Ji^nica Rico its breeding and culture. Yokeodo Ltd., Tokyo. 

Rami^, K. and Rao, M. B, V. N. (1953). Rice breeding and genetics. 8ci. Monogr, Coun, 
agric. Res,, India, No. 19. 


♦Literature marked with an aster ik not seen in original. 



366 B. SAHA ; LiAr MospHoonnsis nf (oxrMA urivd t.) 

9 

HaUa, B, { 1052), Morphology of the ligule and sickle of Oryta $aHva L, Butt, boL 8oe, Bmgal, 

6. hIO-52. 

(1054). The ilioot aj>cx of Oryza saiiva L. SdenHsi Pakistan, S, 1-10. 

. , on ilw development of the embryo of Oryta soHva L. and the homo- 
of iU Proc, not, Jnst, Sci, India, 22, 86-101. 

WerdUw, <*. W, (1945). Kx[>erimental and analyticakl studies of pteridophytes. 6. Stelar 
luorphoiffgy : occurrence of reduced and discontinuous vascular gystenui in the rhiaome 

of ufUM-Jm Ann, Bot, Land,, N.S., 9, 386-397. 

~ ^1948), Kx[>4>rimc‘atal and analytical studies of pteridophytes. 7. Stelar mor- 
fihology ; effect of defoliation on the steio of Ostnunda and Todea, Ibid,, 10, 97-107. 
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Abstract 

NeomicrocotyU indicua n.g. et n.sp., and throo now gpooiog of Prot4)mi<rocotyle vi»., P> mod- 
raaensia^ P. tninuiufit and P. mannarenaia oro doscribod. 

Taxonomio position of the genus Protowicrocotyle and its rolatod gruiips is dib<najm>d, 
Opinion is expressed in favour of the revival of the subfamily Prx toniicroiiotylinao ns well as 
its transfer to the family AUodi8Coc50tylidat>. Tlie subfamily Bilatoracotylinacs provisicnally 
created by Oxauhan (1953) is revived bore for the genus BilaUraeoiyU fhaulian (1945). K now 
subfamily Noomicroootylinao is oroatod bore for the new genus Neon icrocotyle» Tlie two sub* 
families Bilateracc tylinae and Neomion cotylinae are provisionally included in the family AHo* 
disooeotylidae which necoasitated an emending of the family diagnosis. 

Introduction 

In the course of the investigation on the trematodo parasites of fishes from 
Mandapam, the author collected from some carangid fishes monogenetic tromatodes 
closely resembling the genus ProtomicrocMyle Johnston and Tiogs (1922) but having 
inicrocotylid clamps as well as those belonging to the genus Protoniicrocotyle but 
different from the known species. Because of the differring views expressed with 
regard to the systematic position of the genus and the subfamily constituting it 
(Johnston and Tiegs, 1922), Sproston (1940), Chauhan (1953), Hargis (1957), and 
[Tripathi (1959)], it is considered here to bo of some interest to present a det/ailed 
study of these forms possessing microcotylid and gastroootylid types of clamps. 
Incidentally the genus Protomicrocotyle is recorded for the first time from India. 
The type specimens of the new genus and the new species are deposited with the 
Zoological Survey of India, Calcutta and the paratyi>e8 are in the collections of 
the author. 


Material and methods 

The material used in this study was obtained from the gills of Caranx aex- 
faaciatua Quoy & Gairaard and Caranx affinis Rupp. Observations were made 
on live specimens and were fixed under cover slip pressure in warm 7% formalin. 
They were stained in Mayer’s paracarmine, and in Ehrlich’s haematoxylin, differ- 
entiated in acid alcohol and blued with ammonia alcohol (70%). Permanent 
mounts were prepared and measurements were made from them. 


* Formed part of tbosis approved for the Degree of Doctor of Philosophy of the University 
of Madras. «. 

**Present addresa : Zoological Kesearch Laboratory, University of Madras, Cbepauk, 
Madras 5. 

VOL. U, B, No, 6. 
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N e/microcotyk indicus n.g. et n.sp. 
(Figs, 1-5) 


Out of Caranx ftexfoscrntm Quoy & Gaimard examined, five specimens 
wrn* found ft) he ififcrtefl and yielded eight parasites. 

Tlie hotly is elongate and flattened. Its length ranges from 3.59 mm. to 
t.fw miu. and the largest width across the oviducal field is from 0.80 mm. to 1.15 mm. 
d'he hoiiv nHrr<»ws gradually anteriorward ending pointedly anteriorly : its wdth 
a( ross the level of the intestinal bifurcation is half the maximum width and is one 
fourth across tlie level of th<5 male genital |x>re which is situated half way betw'een 
tin* ifitrstinal hdurcation and the anterior extremity of the body. Posterior to 
tlif' ovidu<al li^'ld the body narrows, its width across the anterior border of the 
lolssl Hide of tfu* body is three fourths and at the junction of the body with the 
<iund) hell shafs-d haptor is one third the maximum width. 

The posterior t xtremity of the body is lobed and is either on the right or left 
of tlie w(;rni and thi' lobf^l jK)rtion extends to a length of 0.29 mm. to 0.60 mm. 
from the jurutioa of tin* IxKly with the dumb-bell shaped haptor. Four sessile 
» arranged in an irregular vortical series, occur on the lobed side of the 

IkmIv. The (lamps are of the mirrocotylid type^ The clamp-size ranges from 
3H y to 52x72//. The ho<ly end.s in a transversely extended dumb-bell shaped 
I(>h(\ fts width rang«*H from 0.6.3 nun. to 0.74 mm. and its length at the expanded 
region is 0 22 rnrn. to tK2S rnm., at the middle region is 0.17 mm. to 0.26 rom. It 
has two pair-i of anchors, the outer larger pair is 30/i to 35// and the inner smaller 
pair IS 17// to 22//. 'riu' p/)st('rior portion of the body and the dumb-bell shaped 
haptor show transverse Htriations which give a spiny appearance to the surface 
of the worm at this region and they are directed forwards. 

Mouth is sul)t(Trninal and ventral. Buccal suckers range in size from 29x40// 
t(» 35 ' t>l// and they are am^ptate. The size of the pharynx ranges from 33 X 17// 
to 30 - 21//. Intestinal bifurcation is situated at a {X)int about one-fifth of the 
total hmgth from tlu^ anterior end of the IxkIv with greater ramifications on to 
tluir out<T sides. They terminate blindly anterior to the dumb-bell 3hai)ed 
haptor. 

V’e.'i/c.y numbering 140 to U>1 are arranged in three to four rows on either side 
of tiu' median line in the intererural apace and they are all anterior to the ovary. 
Th<‘y otn npy the middle third of the body. The extent and the number of testes 
are greater on the side of the worm having clarai)8. These two features were 
eonsisteutly seen in all the eight specimens examined. The size of the testis ranges 
from 20 \ 20// to 56x56//. Vas deferens takes a zig-zag course in the median 
line upto the level of the intestinal bifurcation. Beyond this level it is lateral, 
either on the left or right of the worm and in all eases it occurs on the side where 
tlu' clampwS also occur. Penis is armed with 24 hooks, arranged in a regular corona 
and its length ranges from 136// to 155//. A muscular bulbous ejaculatorius 
(150x 175// to 185x210//) connects the vas deferens with the penis. Male pore 
is lateral, on the ventral side and is situated at a point two-thirds the length from 
the anterior extrenuty to the intestinal bifurcation. 

Ovary and the oviduct occupy the anterior two-fifths of the hinder third of 
the h(Ml\ , The proximal end of the ovary is tubular and is bent in the form of 
*U\ As their inner sides are so closely juxtaposed, this region gives roughly the 
apiH'araiu e of a spherical mass. The measurements given relate to this spherical 
mass and its si/e is in the range of 0.17 X 0.16 mm. to 0.24 x 0.^5 mm. It is situated 
eK>se to the right caecum. Oviduct arises dorsal to the ovary and runs obliquely 
forwanl curving to the right. It extends posteriorly to about two-thirds the length 
of the oviducal field and makes a loop by curving to the left. The swollen wd 
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of the oviduct is directed backwards. It is oontinut’d by a narrow duct which 
curves anterior to the ovary and on ita left. It enlarges into the ooty|>e which 
is surrounded by the shell glands. Beyond the ootype tlie oviduct is continued 
as the tUerus which is median upto the intestinal bifurcation. From this j)oint 
onwards it is lateral, either on the right side or left side of the worm and is always 
on the side where the male pore is situateci. Uterine pi)re is ventral and is situated 
posterior to the male pore. 

Vitelline follicles commence from the level of the intestinal bifurcation and 
extend as two lateral bands to the posterior end of the body. The transverse* 
vitelline ducts originate about the level of the anterior fifth oi the oviducal field 
and the common vitelline duct extends to a length equal to two fifth the length 
of the oviducal field. The common vitelline duct and the genito-intestlnal canal 
open at the ootype. Vaginal pore is subinarginal and in all specimens <?xamined, 
it is on the side opposite to that where the male pore and the clamps occur. Its 
position is mid-way between the male pore and the inicHtinal bifurcation. It 
leads to an enlarg^ muscular sac. Its inner wall is lined with numerous short 
conical projections. It is continued posteriorwards as a narrow dinrt close to the 
inner side of the left c>aecum and opens just posterior to the ootype. About half- 
way down the oviducal field the vaginal canal has an enlargcnjcnt serving as the 
receptaculum seminis ; its size is from 38x16// to 40x21//. 

Remarks : The present form described resembles the genus Protomierocotyle 
in the general shape ; in the possession of an irregular vertical series of four clamps 
on the lobed side of the body ; prc-ovarial testes, lateral vagina and armed penis 
but it differs from Protarnicrocotyle by the possession of (4ampH of tlie microcotylid 
type instead of tlie gastrocotylid type present in Protomicrocotyle, To assign the 
present form in the genus Protomicrocoiyle would entail the inclusion in one and 
the same genus members having both gastrocotylid and microcotylid types of clamps. 
Hence a new genus Neomicrorx)iyle is created to include the present form and its 
generic diagnosis is as follows : — Neoraiorocotylinae (vide infra) having 4 clamps 
of microcotylid type, arranged in an irregular vertical series on the lobed side of the 
body ; the male and vaginal pores lateral ; uterus median upto the level of the 
intestinal bifurcation and lateral beyond, on the same side as that of the male pore 
whereas the vaginal pore is on the side opposite to that having the male and uterine 
pores. 

A similar observation on the presence of microcotylid and gastrocotylid types 
of clamps in closely related genera BilnterarMyh Chauhan (1945, 1953) and Bilalera- 
cotyloid^ Ramalingam (In press) respectively has been recorded by the present 
author. 

Protomicrocoiyle pacific/i Meserve (1938) possesses microcotylid clamps which 
necessitates its inclusion in the new genus and a new combination is made for it 
namely Neomicrocotyle pacijica (Meserve, 1938). The present form resembles 

N. pacijica (Meserve, 1938) in the possession of three to four rows of testes on each 
side of the median line, of vagina, vas deferens and uterus all of which are lateral 
in position. It differs from A. pacijica in possessing 24 uniform sized hooks con- 
nected with the male genitalia. These hooks are arranged in a regular corona 
and they measure from 136// to 165//. But in N. pacijica the genital atrium is 
armed with 20 hooks, ten of which are shorter and they measure J08// to 120/i and 
ten are longer measuring 168// to 184//. In addition to the above difference the 
clamps of JV, indictis are much smaller, nearly half the size of those in N. pacifica 
in the nearly same sized specimens examined. Hence it is described as a new 
species JV. indictis and its^ specific diagnosis is as follows : — Neomicrocotyle with 
24 uniform sized hooks ranging from 136// to 165// connected with the male geni- 
talia ; length of the worm 3.69 mm. to 4.67 mm. and its largest width is from 

O. 80 mm. to 1.16 mm,; clamp-size ranges from 36x36// to 62x72//; with 2 pair^ 
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Am horn, oiiUrr pair from 30/4 to 50/4 long ; and inner pair 17/4 to 22/4; testes 
luiifilw^r from 140 to UU and are pre-ovarial ; ovary size is from 0.17x0.16 mm. 
to 0.24 /0,25 inm. 


Protomicrocolyle madrasensis n.sp. 

(Figs. 6-9) 

From a collection of two ^'aranx affinis Rupp, examinefl a single worm was 
'obtained from the gills. 

ft i.H 2.39 inni. long and the maximum width across the oviducal field is 0.41 mm. 
The lobtHi portion at tin? posterior end the Imdy is on the right side of the worm 
and extends to a length of 0.22 mm. Four sessile clamps are present on the lobe<i 
side of tlie body. The clamps have tw'o accessory pieces meeting in the form of a 
‘V ’ charac(eri«ti<! of the members of the family Gastrocotylidae. The clamp size 
is 32 <48/4 to 33 <56/0 At the interior end of the body is the dumb-bell shajM^d 
hajitor. It is 0.21 mrn. hroad, its length at cither enfls is 0.12 mm. and in the 
middle is (hi I mrn. It hiis three pairs of anchors, the outer larger is 28/4, the inner 
smalliT pair is 17/4 and the third |>air is situatcnl in between the two dissimilar pairs 
of iinehors. Its length is 9/4. The shape of the outer pair and the inner pairs 
of ancliors are similar to those pre.senf in Neomicrorotyle indicus n.g. et n.sp. 

Mouth is subti'rminal aiul ventral. The size of the buccal sucker is 24x36/4 
and it is aseptate. The size of the pharynx is 41 <38/4. Intestinal bifurcation is 
situated at a point one-tifth of the total length from the anterior end of the body. 

TfUile^i niimberiiig 64 are arranged in two rows on either side of the median 
line in the intercrural space and they are all anterior to the ovary. They occupy 
the middle tliird of the body. The size of the testes ranges from 33x38/4 to 
58 <81/4, Van deferens take45 a zig-zag course in the me<iian line. Penis is armed 
with 29 hooks and they are arranged in a regular corona. It is situated at a point 
five-sixth the length from the anterior extremity to the intestinal bifuraction. 
Each hook is 12/4 long. In addition to this the genital atrium is armed with four 
liooks, two on either side of the penis eorona and each hook is 33//^ long. A. 
muscular bulbous ejaculatorius connects the vas deferens with the penis corona 
Male pore is ine<lian on the ventral side and situated immediately in front of the 
IHUiis corona. 

Ovary iviul the oviduct occupy the anterior half of the hinder third of the body. 
The size of the ovary is 127 / 4 X 178 / 4 . The distal end of the oviduct is directed 
backwards and is continued by a narrow’^ duct which curves anterior to the ovary 
to the left. It enlarges into the ooiypo w'hich is surrounded by the shell gland. 
Beyond the ootyjK) the oviduct is continued as the uterus which is median. It 
ojiens on the ventral side a little posterior to the male pore. Vaginal pore is sub- 
nmrginal and is on the side op|K)sito to that having the clamps. The vaginal pore 
leatls to a musc'ular sac whose inner wall is lined with conical projections resembling 
spines. They are direct ih 1 forwards and their length ranges from 21/4 to 31/4. 
From the sac a narrow duct leads jiosteriorly close to the inner side of the left 
caeouni. About half way down the oviducal field the vaginal canal show^s an 
enlargement serving as the receptaculum seminis. Its size is 28 X 14/4. Further 
down it joins the oviduct [x>sterior to the ootype. 

Remarh : Lethacotyk Manter and I^*ince (1953) show’s striking resemblance 
to the genus Profomicrocotyle but differs from it in the complete absence of clamps. 
Since only two specimens were used by the above autl\ors for the original d^crip- 
tion, it might be that the clamps in the^se two specimens were lost while handling. 
As these authors discount its possibility, it is felt better to leave it till more evidences 
are set forth to confirm this condition. 
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The genus Proiamicrocolyle includes the following species : — P, mirabilis {Mac- 
Callum, 1918), Johnston and Tiegs (1922), and P. celebescims Yamaguti (1953). 
The present form described agrees with P. mirtUtUis and P, by the 

possession of gastri^tylid clamps. Since the description of P. mirabUM regarding 
the taxonomically imj^rtant characters, other than the clamp structure, is meagre 
and needs a redescription as Hargis (1957) puis it, a comparison with P. csfefteseaswr 
only is made here. P. tnAdrmensis agrees with P. c^iebemnsi^ in the median posi* 
tion of the genital armature and in the numlx^r of testes but differs from it in the 
possession of two different sized hooks connected witli the male genitalia. Four . 
of these hooks are longer each measuring 33/i and 20 short hooks each 12/i long. 
Hence it is described as a new species and its diagnosis is as follows : Protomicro- 
cotyle having two different sized hooks connected with the male genitalia ; four 
longer each 33/« long and 20 shorter each \2fi long ; male genital pore median ; 
the length of the worm is 2.39 mm. and the largest width is 0.41 mm. olamp-sizo 
32x48/^ to 33x56/t; wdth 3 pairs of anchors, tlio outer pair the inner pair 
17/^ and the middle pair 9/t long ; tostos number 64 and ovary size 127// X 178//. 

Prof^microcotyle mintdum n.sp. 

(Figs. 10-12) 

A single specimen was obtained from a collection of two Caranx sexfoi^eiatm 
Quoy & Gaimard, examined. 

The body is elongate with the sides of tlio body nearly j)arallel from the 
beginning of the testes to the level of the last clamp. The width of the brxly 
narrows gradually, in front of testes, it is three fourths of the maximum width ; 
across the intestinal bifurcation it is about half the maximum wddth. The worm 
measures 1.50 mm. and its maximum width is 0.30 mm. The lobed jx)rtion at 
the posterior extremity of the body is on the right side of the worm and extends 
to a length of 0.18 mm. Four sessile clamps (gastrocotylid type) are present on 
the lobed side of the body, each one measuring 33// X52//. At the posterior end 
of the body is the transversely extended lobe which is oval in shape. Its width 
is 0.36 mm. and its length is 0.14 mm. It has two pairs of anchors, the outer larger 
pair is 24// and the inner smaller pair is 14//. Their shape is similar to those present 
in Neomicrocotyle iridicm n.g. etn.sp. 

Mouth is Bubterminal and ventral. The size of the buccal sucker is 3^x63// 
and it is aseptate. The size of the pharynx is 39//X39//. Oesophagus bifurcates 
midway between the anterior extremity and the beginning of the testicular region. 

Testes numbering 34 are arranged in two lateral rows. They occupy the posterior 
two thirds of the middle third of the body. Size of the test/3s rangeii from 14 X 14// 
to 34 x 44//. Vas deferens is median upto the level of the intestinal bifurcation 
and takes a zig-zag course. Beyond this level it is lateral on the right side of the 
worm. Penis is armed with 8 hooks, arranged in a regular corona and its length 
is 43//. A muscular bulbous ejaculatorius (39//X39//) connects the vos deferens 
with the penis. Male pore is situated about half way behind from the anterior 
extremity to the intestinal bifurcation. 

Ovary and oviduct occupy the proximal third of hinder third of the body. 
Size of the ovary is 49// X 36//. The distal end of the oviduct is directed backwards 
and is continued by a narrow duct. It curves to the left anterior to the ovary 
and enlarges into the ootype which is surrounded by shell glands. The uterus 
is median upto the level of the intestinal bifurcation and beyond it is lateral, on 
the right side. It opens on *the ventral side posterior to the male pore. 

Vagina is lateral on the left side opposite to that having the male pore and 
clamps. Vaginal pore is submarginal ai^ is situated midway between the level 
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of tht? }K)n^ iiful thft int(*p»titial bifurcation. The pore leads to an enlarged 

nui^j< ular war hoKc inner wall has 20 prominent coniral projections of which 10 
ari‘ di/^tnirtly MlK>rtcr and tlujy alternate with the longer ones, lliey measure 

and 20/# l<;rig rcispcetively. PVom tlie nac a narrow duct leads posteriorly 
< ro thr inner muIc of t he left ( ae(riirn. About half way down the oviducal field 
the vagHja.1 ( anal shows an erilargement servirig as the re( ept^culum seminfs. Its 
size is 2*1/# ' ‘J/#, I'urther it in enntinue<l as a narrow duct and opens at the oviduct 
po'<t<‘rioi to the ootvjx', 

u\\nnUnn differs froni P. in the possession of the 

rrjulc ofH*ning vvliirh is lateral aind the penis is armed with op\v 8 uniform sized 
hooks (*ach \'A/i long. In sides, in P, mmuinm the vaginal sac has ten large conical 
pngections each 211// l«>ng and alternating with tln^ni are ten shorter coP'cal poro- 
jertions ca(h 15// long. If.en((‘ if is desfrihed as a new species and its specific 
diagnosis is as follows : Piftimnic rorotylc havir^g only s hooks connected with the 
male gerntalia, a.!! of utiihnm size*, each til// long : male gcndal pore lateral to the 
niodian line* vaginal >^ac has 20 <*oni< al ciiticularizcal projections of which ten are 
longer (‘ii<*l» 20// long and ten stoat t r each 15// long ; the length of the w'orm is 
1,50 rnni. and its rneatc .st width is 0.:io mm.; clamp siz(‘ is Illl// < 52//; with 2 pairs 
«>( anchors, the outin' (»air is 24// and th(‘ iniua* pair 14// long ; testes number 34 
and ovary size tO// ^ 30//. 

Prttlnnurrni'ittyh tfian tian nsis ri.sp, 

(Figs. 13 15) 

'Tt n specimens wiao obtained on thic'e oca-asions from out of ten daranx nex- 
fuiriat^is (/uoy y (Jaimarrl ( xarnine/l. 

Tln^ vvtarn measures from 2.HS nun. to 3.04 mm.; its width across tlie oviducal 
Held rango* fn?m o.ts mm. to 1,14 mm. The lobed portion at the posterior extre- 
mity of tlie l>ody is c ither on the left or rigid ('f the worm and (‘xteiuls to a length 
(d 0.27 mrn. to 0.30 mm. Four sc‘ssilo (damps of the gastrot otylid ty})e are present 
(»n the lobed sidf* of the liody and tlndr size rang(‘s from 30x40// to 38x71//. A 
transversely e.\t(‘nd(Hl lobe oval in shape is jiresent at tin' posterior end of tlie body. 
Its width ranges from 0,32 mm. to 0.44 mm. and its length is 0.13 mm. to 0.17 mm. 
ft has thrcM' pairs of anchors, the oiOit larger })air is 33// to 37// and the inner smaller 
pair is 20// lo 22// and the middh^ pair is 14// to 17// long. The shape of thei outer 
and inner pairs of aneln^rs are similar to those iireseiit in N eomicrocotyle indicus 
ri.g. e( n.sp. 

Montli is subtf'rrninal. llincal suckers asoptalc and their size ranges 
from 23 V 3gyi to 31x 42//. The size of the pharynx ranges from 33 x35// to 
41 '< 42//. Intestinal bifurcation is situated at the liinder seventh of the anterior 
fifth of tlu‘ worm. 

7V.s7c.'* number ranges from 42 to 52 and they occupy the middle third of the 
h<»dy. Their size rangexs from 21^ 33^^ to 07 >181//. The penis is armed with 
24 hooks arrangc'd in a regular corona and its leiigth is from 21// to 25//. A mus- 
(‘ular I)uIIhuks (‘jaculatorius emiiieefs the vas deferens with the penis. Its size 
ranges frem 28 x25// to 3t> < 33//. Male pore is median and is situated at a point 
two thirds the length from the anterior end to the intestinal bifurcation. 

Ovary and the oviduct occupy the proximal half of the liinder third of the 
b(Kly, The size of the ovary ranges from 80x60// to 161x121//. It is situated 
close to tlie right caecum. The distal end of the oviduct is directed backwards 
and is coiitimuMl by a narrow diu't which curves up anterior to the ovary. It 
enlarges into the ootype, which is surrounded by shell glands. Uterus is median 
thn)ughout its cmim) and opens on the ventral side posterior to the level of the 
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male poro. Vagina is either on the left or on tlie rigl^i Bide of the wonn* In all 
the specimens examined, vaginal opening occurs on the side opposite to that having 
the clamps. Vaginal pore is submarginal and is situated midway between the 
level of the male jKire and the intestinal bilurealion. The pore leads to an enlargetl 
muscular sac. Its inner wall is liiuKi with prominent coiutml projections and its 
length ranges from l7/i to 40//. The distal portion of the projection is cnticularlzed 
and they are all directed forwards. Prom the sac a narrow duct leads jmsteriorly 
close to the inner side of the lett caecum. The vaginal canal has an enlargement 
serving the function of reoeptaculum sominis. It is Kit uatc<l at a distance of about • 
one third the length of the oviducal field from its anterior end. Its size ranges 
from 110x35// to 136x51//. Further down it is continued as a narrow duet and 
opens at the oviduct posterior to the ooty}>e. 

Protomxcrocotyle mnmu^rfnsis differs from P. madrasfinsi/^ in thn possession 
of uniform sized hooka connected with the male genitalia in which respect it agriM^s 
with P. minntujn and P, as w<41. But it differs from P. minutum and 

agrees with P. releb(*.^e7iM>i in the median position of the male genital opening. It 
differs from P, celebffiensis in turn in tlie size and the number of p(‘nis hooks. Hence 
it is described as a new' species and its speeifie diagnosis is as follows : Protorni^ 
erocotyle having 24 hooks connected with the mah^ g<^ni<alia ; all of uniform size, 
21/1 to 25// long ; male genital pore median ; vaginal sa(‘ with many conical euti- 
eularized projections. 17// to 40// long ; the length of the worm is from 3.HK mm. 
to 3.64 mm. and its largest width is 0.48 mm. to 1.14 mm.; clamp size 30x46// to 
38x71//; with 3 pairs of anchors, the outer pair 33// to 37//, the inner pair 20// to 
22// and the middle pair is 14// to 17// long ; testes number 42 to 52 and ovary size 
ia from 80x60// to 161x121//. 

Taxonoinic conHuhmiionH : fJubfamily Protom icrocot.ylinac was created by 
Johnston and Tiegs (1922) to aecoiiiinodato Protomkmcotylc mirabiii/i (MiutCallum, 
1918) and inclndod it in the family Microcotylidae. Owing to tlio limited number 
of elamp.s in Protomicrocatylr, Sproston (HH6) is of the opinion that the genus is 
not more closely related to the family Microcotylidae and {)referred to group it 
in the family Discocotylidao even though according to her it njcans a heterogeneous 
assemblage. She assigned it under the subfamily Vallisiinao since Vrdlkla was 
the only genus then known to have the ovary wholly posterior to test('.B and tlu^ 
body axis bent at an angle with the result the subfamily l^otomicroeotylinae beeamo 
synonymous with Vallisiinae. But w’^hilo coiu lu/ling, she states that she rogardtKl 
the above arrangement as a matter of convenience and a f emporary measure until 
the knowledge of these aberrant forms is incrca.sed. Dawes (1917) did not recognize 
the subfamily Vallisiinae of P/'ice (1943) which resulted in the inevitable transfer 
of the genus back to the family Microc/)tyIidae. Chauhan (1953), on the basis 
of the clamp structure, retained the genus Proto mi crocotylp in the family Micro- 
cotylidae, though by then one species of this genus viz,, P. cphlmeiyik Yamaguti 
(1953) is known to possess gastrocotylid clamps and as.signed the genus under the 
subfamily Protornicroootylinae. Since Ohaiihan’s obs/irvations w/^re not based 
on anatomical evidence, Hargis (1957) removed the genus to the family Oastro- 
cotylidae on the basis of the presemee of gastrocotylid clamjw in the members of 
the type genus ProtomicrocMyle, He also transferred Vallisiinae from the family 
Discocotylidae to Gastrocotylidae on the basis of the presence of gaftrocotylid 
clamps in the type genus {Vallisia Perugia and Parona, 1896) constituting the 
subfamily and assigned the genus Protomtcrocotyk Johnston and Tiegs (1922) under 
this subfamily. In it he included VallisiopsiH Subhapradha (1951), AUodiscocotyUx 
Yamagnti (1953), Mantor and Prince (1953) and Pseudomazocraes Cabal- 

lero and Bravo (1955). Thus the review suggests that certain amount of ambiguity 
exisbs regarding the systematic position of the genus Protomicroco^yk and its related 
groups. 
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The Htudy on the juvenile and itmnature Monaxine Unnithan (1967) (Fam: 
Axinichu ) with regard to the clamp addition by the author (in press)) reve^ 
that a maximum of four clamps are formed on each side of the haptor after which 
nut (>nly no more addition takes place on one aide but the develop^ clamps them* 
on that aide are also lost thus suggesting that the development upto four 
clarnfm on (jach aide is {)Oftsibly recjapitulating an identical character seen in the 
fncinlx^rH of the HojK^rfamily Diclidophoroidea of Price (1936) except those of Micro- 
cf>tylidac, Gastrocotylidae and Axinidae of Uiinithan (1957). The study on the 
juvenile lAthidiijcotyle meunda Tripathi (1954), Kannaphallus univaginalis Rama- 
lingatn (in press), on an adult l{eteTaxine indica Ramalingam (in press) and a 
long K<^rie« of jiost oncomiracidial larvae, juveniles of Pricea spp. by the author 
(in [iress) reveals that the members of the families Microcotylidae, Gastroootylidae 
and Axinidae have the potentiality to add unlimited number of clamps and the 
finjctional haptor includes the anterior two thirds of the larval haptor though by 
far the greatest part is a newly formed entity in direct continuation forwards 
of tfie larval haptor whereas in the rest of the families, included in the superfamily 
l)i(4idophoroide^i, with four clamps on each side, the functional haptor is formed 
from the anterior two thirds of the larval haptor. The evidences obtained seem 
to suggest that the inclusion of the above genera on the basis of the clamp structure 
alone into the families Microcotylidae and Gastrocotylidae is only extending their 
affinities too far. On the other hand the occurrenco of microcotylid and gastro- 
cotylid clam[>s in tlu^sc might be that they represent parallel evolution in unrelated 
grou{>H. Similar instam^os can bo had in Monogonea itself, wherein identical 
characters have evolved in unre^Iatexl groups. For example, the cuticularized 
tubular penis described in KannaphalluH ITnnithan (1957) is not uncommon in the 
members of the subfamilies Tetraonchinao and Diplectaninae of the family Dactylo- 
gyridae. 

Thus from the evidencHM? obtained it is felt unjustified to include the genera 
cither in the family Microcotylidae or (tastrocotylidao and it is better to group 
them in a sojM\rate family. The author thus agrees with Tripathi (1959) who has 
tu’eated a new family Allodiscocotylidac to accommodate his genus Gtmmaec^iptUia 
as well as Allmliscorotyln, Vallma, Vrillisiopsis, Protomicrocotyle , Bilateracotyle all 
having two common characters viz,, pre-ovarial testes and gastrocotylid clamps 
(except Ililateraeotyle) limited to a maximum of eight. The author has given 
his rms(ms in his paper on Parage mmaecapuiia (in press) for agreeing with Tripathi 
for the (Tcation of a new' subfamily Allodiscocotylinae to include the genera Gemmae- 
capntia and AllodiHcocotyla. Regarding the remaining four genera Tripathi in- 
cludtxl them in the subfamily V’'allisiinae and transferred it to the family Allo- 
discocotylidae from Gastrocotylidae wherein it was assigned previously by Hargis 
(1957). The author agrees witli Tripathi for the transfer of the subfamily Vallisiinae 
to the family AllcKliseocotylidae but differs from him wdth regard to the inclusion 


Explanation of Tkxt-fio. 1. 

Fig*. I~/S. N^omicrocoiyle tndirus n.g. ot Fig. 1 Entire worm (ventral view). Fig. 2, 

KnlargfHl view of live gonadal region and their duota (ventral view). Fig. 3, Terminal 
region of the male and female genital ducts. Fig. 4. Cliunp, Fig. 6. Anchors. 

Fig. A 9. Proioffiicrocaiyle tmidraswuns n.sp. Fig. 6. Entire worm (dorsal view). Fig. 7. En- 
larged view of the gonadal region and their ducts (dorsal view). Fig, 8. Terminal region 
of the n\alo and female genital duets. Fig. 9. Clamp. 

Abbreviations — 

b.e. — boHK)us ojaci^torats ; g.i.e. — genito- intestinal canal ; m.g.h. — nude genital hooks, 
n\alo genital |>ore ; ot. — ootype ; ov, — ovafy ; o.d. — oviduct ; p.h. — peni; 
hooks; r.s.— rooeptacuhim seminis ; 8h.g.-~shell glands; t. — testes; ut.— -utenis 

ut.p. — uterine [>ore ; v.d. — vas deferens ; \*g. — ^vagina : vgji. — ^vaginal hooks. vg.D.— • 

vaginal pom; vit.^viteUaria ; vit.d.— vitelline duct. 





JTt^ EAiuiarKOAM : MOBPHOLOOicAii DMCBimoNB OF A KFW olfeirm 

of th<? gmuH ProUmirrocotyh in the Bubfamily Vallisiinae for the members of the 
subfamily other than Protomicrmoiyh possess clamps on both sides whereas Proto- 
rnicrocolyU has clamfw devek»|)ed on one side only the clamps on the other side 
beinj< suppreswi. Moreover, Sj)roston (1946) states that the structure of the 
larval haptor of ProtomicrtKofyle and of the region bearing the asymmetrically 
placwl c(amj>s indicate this genus is clearly of different evolutionary line from 
Valliiia. Brides, complete suppression of clamps on one side as in Monaxim 
and Uraxim formed n^)t only the basis to differentiate them from the heteraxinids 
but also for the creatioui of a new subfamily to include them (vide Unnithan, 1967). 
Ffence, in view of these facts, the author favours the removal of the genus Proto- 
mirrorotyh from the subfamily V^allisiioae and favours the revival of the sub- 
family ^otomicrocotylinae to include the geuiis and it is assigned in the family 
AlIcKlrseocotyliflae as the third subfamily. 

(leniis RilaUmrofijla was assigned as gen. iruj. in the subfamily Vallisiinae 
by Tripathi (19.19). The author favours the w^paration of the genus from the 
subfamily since it jw^ssesses rnicrorotylid clamps cjuite unlike other members of 
the subfamily and suggests its inclusion in a separate subfamily. Subfamily Bila- 
terae-olylinae was provisbinally created by Chauhan (19i:i) to include his genus 
liilaf^rarotyh siiue its inclusion in the subfamily Protomicrocotylinac will be mis- 
leading wluui, in case, tlu^ type gcuius Protomirrocotyle constituting it cannot be 
remoV(^d from the family (rastrocot ylidiie to which he has assigned. As the sub- 
family name Bilatoracotylinac was < r<^ated already, the author adopts it hero for 
the germs Rilotmhcotyk and it is asvsigiuKl provisionally under the family Allodis- 
C(MM)tylidae. 

N*omlcr(HU)Uik n.g. and Bilatera\otyk Chauhan (1945) agree with each other 
in the pos.session of preovarial festes, microcotylid clamps limited to a maximum 
of eight but the former differs from the latter in the complete suppression of clamps 
on one .side. FTcnce it was not assigneil in the subfamily Bilateracotylinae, The 
genera N tomicrocotylf and Protomicrorotyle agre(!i with each other in the complete 
suppression of (damps on oiu^ side but they differ from each other in the nature of 
the clamp structu»^ and their inclusion in the same subfamily w^ould result in its 
having genera with two different Upes of clamps. Hence the author suggests 
that the germs NtomicrnroiyU is included in a separate subfamily and a new sub- 
family Neomi(TO(H)tyIinae is creah'd hero to accommodate the genus. Its diagnosis 
is as fidlows : Allodiscocotylidae having body asymmetrical in the posterior region ; 
with four (damps of the micn^cotylul type arranged in a linear row on the lobed 
side of the bofly near the hinder region : with dumb-bell shaped haptor having 
two pairs of am^hors. 

Though the possibility of creating a new family for the members of these two 
subfamilies (Bilateracotylinae aiul Neomicrocotylinae) might exist, it is not attempted 
at, liere, since our knowledge of tireae forms is limited to two genera and tw^o species 
and hence they are provisionally assigned in the family Allixiistwoty^dae. The 


Explanation of Text-fig. 2. 

Fig#. 10-12. ProtomixrocotyU minutum n.«p. Fig. 10. Entiro worm (dorsal view). Fig* 11. 
EnlHrgtxl view of the gonadal region and their ducta (dorsal view). Fig, 12, Tarminal 
region of th«' nmle anti female ducts. 

Figs. 13-15. ProUjmirrocotyle fnanfMrefisis n.8|>. Fig. 13. Entire worm (dorsal view) ; Fig. 14 
Enlarged view of the gonmiid region and their ducts (liorsal view) ; Fig, 15, Terminal 
region of the male and female genital ducts. 


Abbreviations used are the saaio m before. 
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in^luiiion of thona two Hubfamilies neceasitates an emending of the family diagonosia 
and the emended diagnoaia w as follows : Diclidophoroidea having the body and 
haptor nymmetrical or both aaymmetrioal or body only asymmetrical ; with a 
limited number of clamps (upto a maximum of eight) which are either of the gastro- 
c^)tyli(l type or microcotylid typo, arranged either in two lateral rows or one row 
of clamps suppressed in which case a maximum of four clamps only present ; with 
a terminal lappet having I 3 pairs of anchors or without a termini lappet ; 
testes either pre-ovarial or pre-, para- and post-ovarial ; cirrus or penis either armed 
or unarmed and vagina either single or double. Thus the family All^iscocotylidae 
comes to comprise of five subfamilies — Albxiiscocotylinae, Vallisiinae, Protomi- 
croootylinae, Bilateracotylinae and Neomicrocotylinae. 
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PHYSIOLOGICAL STUBIES ON CHILO ZONELLUS SWINH 
A PEST ON MAIZE CROP 

I. GROWTH ON ARTIFICIAI. DIETS 

by N. C. Pant, P. Guita and J. K. Navau, Division of Entontology, Indian 
Agricultural Re.^mrch Jmtituie, Netv Delhi 12 

(Communicate by E. S, Narayanan, F.N.I.) 

{Revived March 21 ; read May 6, 1960) 


Valuable informations on the food requirenienis of insects associate<l with 
stortnl plants products liave bwn obtained during the last two decades. The dat^a 
gathered and conclusions drawn have boon brought togothiT by Trager (1953) and 
Lipke and Fraenkel (1950) in their recent review articles. Very little is, however, 
known about the nutritional physiology of the forms feeding on plants probably 
because of their lack of response to usual investigational methods. The scattered 
account on the subject has recently been put together in a review by Friend (1958). 
One of the most worked out phytophagous insects is European corn borer, Pyraunta 
nuhilnlui (Hbn.) larva (Beck ei aL 1949, Bock 1957) whore nutritional studies have 
led to the isolation and identification of a ''resistant factor’’ contained in corn plant, 
wdiich is at least partly responsible to impart a resistance to attack by corn b(TOr 
(Smissman et aL 1957). Such instances point out towards the applied nature of 
these typos of investigations in the development of resistant varieties in crops. 
Beck’s success initiated a fresh interest among entomologists world over and some 
important basic informations have since been obtained as a result of investigations 
on phytophagous lepidopterans like Chilo simphx (Ishii and Hirano 1957), Prmlenia 
eridania (Elliott 1955) and Peciinophora gossypiella (Vanderzant and lieiser 1956 a, 6). 
Auclair et al. (1957) showed that nature and concentration of free amino acids in 
the sap of varieties of peas, Pisum sativum plays an important role in the resistance 
of peas to the Pea aphid, Acyrthosiphon pisum (Iforr.). Such types of studies have 
brought forth valuable informations which have led to a better understanding of 
insect behaviour in relation to its host plant. 

The present work is a part of a project on investigations on the resistance of 
plants to insects in which insect involved is Chilo zomllas as a pest of maize and 
sorghum plants. The development of a suitable dietary medium of known chemical 
composition is a pre-requisite to any physiological studies involvijrig insect nutrition. 
A number of dietary mixtures were tried and ultimately it was possible to obtain 
a suitable artificial diet. The present report describes a simple method of maintain* 
ing large culture of Chilo in labortory and also a suitable artificial dietary medium. 

Mbthods 

For the study of a problem of the type as the jjresent one, it is necessary to 
have (i) sufficient supply of all stages of test insects in laboratory, and (ii) a technique 
for keeping aseptic conditions to avoid undue interference by microbial infections. 
After providing for these two essential requirements, attempts can be made to 
develop dietary mixtures which fulfil nutritive and feeding requirements nearly as 
efficiently as the natural food. In this attempt various factors had to be taken 
into account by way of the chemical composition and physical state of food on 
one side and feeding habits of larva on the other, 
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A supply of newly hatched larvae employed in testing the suitability of artificial 
diets was o)>taineyi from moths reared from larvae initially collected from the field 
during ariive which is between March to early October in Delhi* The moths 

readily laid eggs in Hmall jars of 0^ diameter and 8"^ high, covered all round internally 
uaxcd or tissue jiajier, and containing cotton-wool wick soaked in sugar solution 
for moths to feed. 'Hie jars were covered with fine muslin and kept at a temperature 
uf 30^( ! and 40 -80 per cent R.H. Scale like eggs were laid in masses in overlapping 
patti rn on the |)a|)er. An easy way to handle eggs for 8ul>sequent treatments 
was to cut away the mass along with the {Miper. These were then incubat^ at 
30%) and 70 |kt cent It.H. Sometimos the eggs were treated with a sterilizing 
tluid but later on it was not considereii necessary. Tlie newdy emerged larvae 
were picke<l up with a fine camehhair brush and transferred to food vials. Surplus 
larvae were usee I for continuing the stock cultures maintained in laboratory on 
maize or jwar sterns. 


Stock Citltuke 

KarliiT larval instars were fed on tender apical leafy part of stem while older 
instars cc»ul<l he given even pithy stern. The fixxl was changwl at least on alternate 
days or earlier if signs of deterioration begin showing. Initially 8' piece of atom 
was enough for lO larvae hut later on not more than one or two larvae per piece 
should be kept to avoid over crowding which induces cannibalism. 

To faciliU^te establishiTieni of older larvae on fo(xl a small cavity was made 
at orio end of the stem and a single larva was placed inside it. This was necessary 
for larval-fetxling, everytime new foewi was offered, otherwise many larvae failed to 
bore in, wandered about and dieel. The larvae cither pupated outside or in the 
fexxl tunnel. In both the cases it was fxissible to collect pupae and remove them 
for moths to hatch. 

This methcxl workexl ve^y satisfactorily and largo number of insects could be 
breei under laboratory conditions. At the onset of winter, however, Chtlo popula- 
tion markeelly decremsexi Ixith in the field anel the lal>oratory. The insect seemed to 
undergo a state of diapiiuse in larval stage. In the laboratory, larval period was 
very much extended and a very few moths could bo obtained. Majority of insects 
remained as larvae even under norma! temperature of 30®C and with ample supply 
of fixxl. This resulted in slackness in the progress of work during winter months 
when strength of culture remained at a very low ebb. 


Prepakation of Media 

Table I shows a list of different dietary formulations together with proportions 
of their ingrtxiionts which wore offered to C/ttlo zonellus larvae. 

The dry ingredients were thoroughly ground and mixed together in a mortar 
and p<>stlc. Cholesterol was dissolved in any one of the volatile solvents and added 
to the mixture to ensure its uniform distribution in the diet. The mixture was 
then addeil to a 250 ml. flask containing required amount of water. Carboxymethyl 
cellulose, when used, was first dissolved in warm water and added to the aquous 
suspension. The final diet was then autoclaved at 15 lb. pressure for 20 minutes 
in a ** Presto'’ pressure cooker. The sterilized material was transferred aseptically 
into X 2^ glass vials with cotton wool plug. These were allowed to stand at room 
temperature for 1 or 2 days until excess moisture adhering to side walls evaporated . 
The vials were then ready to receive the test insects. 

All experiments were conducted at 30®C. In earlier trials five newly hatched 
wore tranrferred to each vial containing the medium but later on one larva per 
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Pii))}i of (Jiiln :j)nrfln', (|r\ r|<>j„.(l ou uff ili jr iii,l dirt, d'ln' dint and inKr<“t 
wrif rrniovrd jrnai rrn<ling vial t<» Ficdlilatr |)jifdngrii|»}jy. 
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tube was used to avoid oanmbalism. Before putting the insect in the tube it was 
found neoessary to create a very narrow gap ail round the food so that the (arva 
may be placed in such a manner that its ventral surface was in contact with food 
while the dorsal touched the glass surface. This fulfilled one of the very important 
physical conditions fur larval establishment by providing stimulus essential for 
initiating establishment and continued feeding. Back and StaufTer's metho<l 
(1950) of offering food as “feeding stations” met with little success with Ckih. 
The feeding vials were covered with black paper to exclude the light for photo- 
n^ative larvae. 


Tabuc I 

Showing cotnpooiHon Srxl general perfonnanee qf varioue artificial dietary media used for 

growing larvae of ChUo zoneUus. 


Ingredients 

Diet I 

Gm« 

Diet II 

Gm. 

Diet III 

Gm. 

Dl*t IV 
Om. 

Casein 

2.70 

6.47 

2.73 

5.50 

Gluooae 

2.70 

6.47 

2.78 

5.50 

Salt mixture 

0.20 

0.44 

0.22 

0.44 

Yeast 

I.IO 

2.20 

1.10 

2.20 

Choline obloride 

0.40 

0.09 

0.40 

0.09 

Cholesterol 

0 10 

0.22 

0.11 

0.22 

Cdilnlose source 

6.00 

6.00 

2 60 

2.60 


(Filter paper) 

(Filter paper) 

(C.M.C) 

(C.M.C) 

‘Leaf factor* 

Aquous extract -f 

Ether extract 

— 

1.80 




(Dry teavos) 

Agar 

1.00 

3.76 

1.67 

8.60 

‘Butoben** 


0.20 

0.20 

0.10 

Water 

62.6 

125.0 

62.50 

125.00 


General perfonnanee Inadequate Inadequate Inadequate but partially Adequate 

adequate for 3rd stage for aU etagea 
larvae 


C.M.C, = Carboxymethjl celluloae 

+ O' Extracted from 14 gm. of fTeeh leaves. 
* B> Methyl psra-oxybeneoate. 


Results and Discussion 


Performance of media 

The diets were offered in the manner described above. Observations on 
growth and metamorphosis were regularly recorded. The diets were changed as 
soon as visual signs of deterioration by way of contamination were observed. 
Diet I (Table I) failed to support growth of young larvae which died within few 
days but older individuals could subsist for more than 20 days without pupating. 
Similarly diets 11 and III also proved inadequate to newly hatched larvae. These 
diets were lacking in a suitable stabilixing agent or ‘leaf factor’ which later proved 
necessary for imparting a desired property to media. Filter paper, useo as a 
stabilizer, could never mixed unifmmly with other dietary ingredients but when 
oarboxymethyl cellulose was. procured and substituted for the paper pulp, larval 
response improved to a great extent. The diets were further improved by the 
addition of dry 'leaf powder instead of aquous or ether extracts of leaf. hCedium IV 
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whi< h cotitaincKl both oarlK>xymetbyl cellulose and dry leaves proved the best semi- 
anifirial rncdiurn in which newly hatched larvae of Chilo zoneMus could establish, 
if^l and pupate to ^ive to normal moth which oviposited viable eggs. The 
uveraKc developmental jieriwi up to adult stage was :19 days. Plate XXII, Figs. 
I and If show a larva and a pupa developed on this synthetic diet. 

^/At/o zondlvH larvae responded favourably only to one of the artificial media 
(fV ) which contained dry leaf and offered the necessary physical texture and 
chemical nutrients necessary for larval establishment and growth. The presence of 
small fraction of dry ‘maize leaf' was vital to at least young larvae winch died very 
early i{ the diets wen^ deficient in this respect. Thej indispensibility of leaf factor 
i.M a phenonietion which has also been observed in a few other phytophagous insects 
like Chilo mtn^x (Tshii 1952), Pyraosta nuhilalii (B(jck, 1953) but not in Peclhio- 
phora (joH^ypiella (Vanderzant 105fi a,5). The fact that a tissue borer like Chilo 
is most viilneral>l<' in its first larval stage, makes it imperative to investigate fully 
the implication and scop<^ of this phenomenon of “leaf- factor" -deficiency which 
could perhaps be exploited for the isolation of factors or characters for wliich 
varieties may bo brfMi so as to evolve Istrains rCvSistant to insect attack. Such 
an aim is extremely desirable and calls for sustained efforts to achieve the 
objective, 

A knowl(Hlge of the exact chemical nature and biological activity of l^eaf factor’ 
will be of great value to entomologists and plant breeders. Preliminary observations 
made on tlm orientation of newly hatched larvae in relation to plant indicate that 
they tend to migraU^ towards apical leafy portions in the growing region of plant 
arul feed on leavt^s for a few (lays before boring into the stem. Larvae which 
were denied an ()|)portunity to fi^ed on leaves tend to become very weak and fail 
to boro in. It may, howfjver. be borne in mind that a large number of larvae 
in nature die owning to various causes other than the chemical nature of host plant 
and this fact must not b(^ over- looked while interpreting the larval orientation in 
relation to its establishment in host plant. 

The diot ovolvod is only Homi-aynthctic as it still contains at least two materials 
of or^ar\ic origin— ‘leaf factors’ and yeast. Replacement of these two ingredients 
by Hintahle^ substances of knwon composition is necessary before the exact role of 
individual ingredients can be ascertained. 

/ •I ‘^ry leaves even in a yeast diet shows that the nutrition of 

- ino like w>me oi lier phytopliagous larvae may differ from large number of insects 
(Lipko and Fracnkol 1 95b) where yeast provides almost all the accessory growth 
factors required to supplement a synthetic diet. 
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Abstract 

Tivo papor with tho Importance of some characU^rE» the number, tlie arrangemant, 

nature, Uie {xmition otui the relative length of aeta4> together w'ith gome anatomical characters 
In the taxonomy of iiiitoH. I 

Noti'S on jitx »peci«Ks of mites belonging to family Phyioeeiidae not recorded in the Indian 
Union before have iHnm given. Tlireo now »pecie» of predatory mites belonging to the family 
Phyirifieildao have also l;>€K>n dr^acrilHMi . 

For more than five docades, many species of the family Phytoseiidae have 
attracted the attention of economic entonuilogiats all over the world for the 
biological control of I^hytophagous mites infesting agricultural and horticultural 
cro|)«. ft must, however, be emphasized that this early interest was purely of 
an academic nature. Only within recent years, these beneficial mites have 
attracted the aiterition of entoinologi.sts all over the world. In the main, the 
reason for this has been the destruction of predatory species that maintained the 
jKipulation of phytophagous mites in a condition of equilibrium by the widespread 
use of organic insecticides csjHMiially, chlorinated hydrocarbons, over very large 
areas of agricultural tracts. As Thomi>son (1930) observes, “Since organisms 
increase in geometrical progression, the survival in each generation of even two 
or tlvree females alKive the number necessary to maintain the population at an 
oven level, may produce in a relatively short time disastrous results.'* So in this 
context, the role of predatory mites assumes particular significance 

With the n'cognition by economic entomologists of the importance of these 
prcHiaccvjua sp4H‘ies in the population balance in nature, the taxonomy of this 
mmily has receivtMl considerable attention and has been critically discussed and 
studied in a number of recent contributions and no where more ably than by 
Nesbitt (1051) in his excellent review of the European species, including the many 
previously described by Oudemans (1929). The basis of specific separation adopted 
by him was based on that devised by Garraan (1948) and this has since been widely 
used and referred to by other workers in America and England. It is mainly 
concerned with the setation of the dorsal and ventral surfaces. 

As the first reviewer of the group, Nesbitt (1951) had to exceriso a certain 
amount of choice in the fixing of genotypes and hence genera. Great care was 
taken beoause he realised that in doing so he was “adopting a somewhat arbitrary 
taxonomic position”. As he himself observes, “It is my belief, however, that 
the oxigeiicies of the situation warranted such an action and that is preferable to 
maintain taxonomic names, which in the past have expressed a true biological 
relationship than to discard them, because the type specimens on which they are 
based are no longer available”. 

Fer a long time, the taxonomy of the species of Phytoseiinae remained in a 
state of confusion, as very few older type specimens were available for study and 
the characters on which the descriptions were based were so tnsufficient and vague 
that it was impossible to come to any definite conclusion based on proper iden^- 
cation. 

VOL. 26, B, No. 6. 
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Olaaaifioatioa in. Aoarina is chiefly based upon the ohsetotaxy and ^e numbar 
and position of stigmatal openings. The &mily Phytoseiidae can be readily 
separated from all o^er families of Mesostigmata in having less than twenty pairs 
of setae on the dorsal shield in the proto-, dento-nymphal and adult stagw. The 
genera comprising this family are separated by the ohaetotaxy of the doiw shield. 
But here again some confumon has arisen as various workers (Nesbitt 1961, 
Womersly, Evans, Bernhard and Chant) have taken different aspects of setal 
characters into consideration and we have yet to decide which one is more rational 
and reliable and least open to errors of ob^vation and misinterpretation, namely, 
numbm^, Mrangmnent, nature, position or relative length. 

Now we shall take up these oharaoters one by one and discuss their importance 
in Uie claasification of Phytoseiiuae. 

1 . Number of aetae 

Number of setae is a character, which helps not only to determine a partioolar 
species but also its genus and family. The gross number determines the family 
when we say that Ph 3 rtoseiids are characterized by having less titan 20 pairs of 
setae on the dorsal shield ; with not more than 18 pairs of dorsal setae in the genus 
Typhhdromua Soh. and likewise some number is fixed for other genera too. But 
again, the number may vary within the genus and this helps os in determining 
a species. Thus we see that this character need not be necessarily fixed but may 
vary within certain limits. This variation within limits should be allowed and it 
is unwise to have restriction as to its being very specific. We have observed 
during the course of our studies that the number of setae on the female ventri-anal 
plate may vary within a species but the sum-total of all that are present on and 
surro unding the shield always remains constant. This is what we have seen in 
the case of Pkytoseiua macropUis (Banks) and Phytoseiua minutug sp.n. Ohant 
(1967) observed this variation in the progeny of a single female and thus ascribed 
it to intraspecific variation. 

2. Arrangement of eetae 

The arrangement of setae on the dorsal shield is an important character. 
The number of rows of setae i.e,, lateral, dorsal and median, on the dorsum is fixed 
within the family and thus is of great familial value. 

3. Nature of aetae 

This is a character of generic value only. Setae may be simple or slightly 
serrated as in TypModromua or distinctly serrated and thickened as in Phytoaeiua 
or thick and thom-like as in Seiulua. 

4. Position of setae 

Position of setae is of generic as well as of specific value. The scapular seta 
(Si) is on the dorsal shield in both the adult forms of Phytoseius Bibaga, whereaa 
it is on the interscutal membrane in the females of Typfdod/romus Sch. Thus the 
two genera can be readily separated on the basis of the position of Si- 

The |> 08 ition of Mi with respect to L 7 and Lg and the position of the setae on 
the ventn-anal plate may vary, within a genus and thus help in an easy determina- 
tion of a species. 

5. Relative length of setae * 

This is a character of only specific value. It is a relative tmm and should 
not be relied upon for any generic or subgenerio determinations, as some wmrkers 
have done it. The various genera comprising Phytoseiinae can be separated on 
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th« bairiB of nature, poaition and number of the dorsal setae r^ardless of their 
relative lengths. In AnMyseius as described by Beriese (1914), L*, I <0 nad Mi 
are longer than other dorsal setae, whereas in Typhiodromtu as defin^ by Nesbitt 
(1951) they are not. However, in Typhlodromus ail dorsal setae may be of extieme 
length, as in T. Umgijtilvs Nesbitt and T. ocddentalis Nesb., and this clearly Aows 
that length is not a character of generic value but is the most valid oriteria f<wr 
specific determinations. 

3. Some anatomical and otfier minor characters 

There are some anatomical and other minor characters which may help in 
an easy determination of a species. These are the shape of spermatophoral process 
in males, sliape of coxal glands, number of macrosetae on leg IV and the number 
:)f dorsal pores. Out of these, the shape of “coxal glands” alone may afford a 
good difference between the two closely allied species. This is what has- been 
observed in the ease of T. (*4.) marinus (Willman) and T. (ri.) ddhiensis sp. nov. 
(Narayanan aiul Kaur, 1960). These two species are very closely related except 
for the shafie of their “coxal glands” which clearly separate the two. Unfortunately, 
this character has not lieen given the importance it deserves and there is almost 
no mention of this interesting structure in most of the older descriptions. These 
structures, though internal, can Ije clearly seen wh^n properly cleared and mounted. 
In our opinion, these charai^ters should be thoroughly examined so as to bring 
out the morphological differences between the closely related species. 

The recent publication of Chant (1958) deserves special mention as he has 
brought in his study a wider sweep of taxonomic characters based on the morpholo- 
gical studies of immature stages. This will lead to a most satisfactory, rational 
and natural system of classification. As Evans (1955) states, “Our Ipresent con- 
ception of familial and generic divisions is, however, most unsatisfactory, but 
investigations on the developmental stages may result in a more natural classifica- 
tion than at present in use.” 

The basis for all applied research is the taxonomy of the group concerned, 
even as the basis of the successful introduction and establishment of a parasite 
or predator, to control a particular pest is a thorough knowledge of the biology 
ami ecology of the species. 

Practically no work has been carried out so far in India on the taxonomy of 
this interesting group of predatory mites. In this paper some now records and 
descriptions of species belonging to Phytoseiidae and Cneyletidae are given. The 
species now recorded are refigured from Indian material. 

Family Ph 3 rto 8 eiidae 
Genus Phytoaeiua Bibaga 
PhyioaeiiM macropilis (Banks, 1909) Type species 
(Text-fig. 1, Pig. 2a-d) 

Nesbitt, 1951, Zool, Verh. Leiden 12. 

Cunliffe and Baker, 1953, Pinelku Biol. Lab. Pub., I. 

Womersley, 1954, Auat. J. Zool., Vol. 2. 

Chant, 1958, J. Linn. 8oc. Land. Zool., XLIII (264). 

Chant, 1959, Canad. Ent. Supplement 12, XCl, 6-166. 

Host : — ^Tetraniohid mites 

Host plants : — Leaves of Pig, Mulberry, Compositae (unidentified) and Lantana 
eamara. 

Loo: — ^New Delhi. 

OoU :~B. B. Kaur. 
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This is a very common species found almost all through the year on one or the 
other above mentioned host plants. It is very wide in its distribution and has 
been recorded from almost all the European countries as a prtxiator of Tetrany- 
chidae and Eriophyidae on leaves of Salix, fig and grapevine. 



Text-fio. 1. 

Fig. I, Typhlodromus {7'yphlodromns) hakeri (a) Adult fmnalo (dorsnl vif3W, 6.SxX40x); 
(6) Vontri-aniil plain Fnrnalo (6.3xx40x); (r) (’holicnra fmiialo (lOxXiOOx); (d) IV 

log (6.3xx40x); (e) Coxal gland (lOxXlOOx). 

Fig. 2. Phytoseius mac.ropilis (a) Adult foinalo (<lori)Al viow, 6..3xx40x); (h) CJudicora feuialo 
(lOxxlOOx); (c) Coxal gland (lOxXlOOx); (d) log (0.3xx40x). 

As to its identification, a careful examination reveals that there are only two 
macrosetae on leg IV, on tibia and basitarsus. Of those two, the tibial is longer 
and blunt (Text-fig. 1, Fig. 2d). Chant (1957) while comparing this species wth 
P. plumifer^ mentions that there are three macrosetae on leg IV. Nesbitt (1961) 
shows three in his drawing of the female and two in the male, whereas we have 
observed only two in both the sexes. Hence, we feel that this may also be an 
intraspecifio character like the number of setae on the ventri-anal plate of female. 

TypModromus {Amblyseius) fallacis (Qarman) 

^ (Text-fig 2, Fig. la-o) 

Oarman, 1948, CannecHout Agric, Expt. Sta, BvU.^ 620 : 13. 

Nesbitt, 1961, Zool. Verh. Leiden, 12. 
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Cuniifie mid Bftker, 1952, PineUag Biot. Lah. Pmb. No. 1 : 3. 
Wofner««ly, 1964, AuM. J. Zool., Vol. 2, (174). 



TicxT-ri<j. 2. 

Fig. I. T^fihloitronut^ f(iUaci« (o) Adult fon^alo (dorsal viow, 6.3xx40x). 

(ft) Vonlri-anal |)I»t*> fouuilo (6.3x x 4()x) ; (r) Cholioora fmiuilo (lOxxlOOx); (d) Coxal 
gland ( lOx x lOOx) : (r) rv log (6.3x x 40x). 

Ck>Uocted by meatu) of Berlese funnel from seeds of “So wank” {Echinichloa- 
druagaUi). 

Ijoc : — Ktimal. 

CoU Roshan Lai, 4-9-1959. 

This species has been recorded in N.S.W. from “Thrips infested banana”; in 
Oonnecticnt, U.S.A., from apple leaves and in Canada from a number of orchard 
trees as feeding on Totranychids. 


Typklodromw (Arnblyaeiua) omlia Evans 
(Text-fig. 3, Fig. la-f) 

Evans. 1953, .(»». Mag. Nat. Hiat. (12), VI, 449. 

This species has so far been recorded only from Malaya as feeding on Tetrany- 
childs on rubber at Kuala. In our country, it appears to be a common spetaes 
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and has been collected from the leaves of Ficm sp., Termiftnlia arjuna (both infested 
with Tetranychid mites) and Banana in Itombaj’' and from an unidentititMl plant 
in Mysore. 

Loc : — Aarey Milk Colony, Bombay. 

Coil : — R. B. Kaur, 64 2-1959. 




Tkxt-fio. 3. 

Fig. 1. Typhlodromus {ArMyseiu9) ov(Ui« (a) Adult fonialo (dorsal viow, 6,3xx40x) ; (6) Vontri- 
anal plate female (6.3x X 40x) ; (c) Cholieera female (lOx xlOOx); (d) Chelicera male 
(lOx X lOOx) ; (e) CV>xal gland (lOxxlOOx); (/) Ventri-anal plaU^ male (6.3xx40x). 

Typhlodromus (AmblyspA\is) aniaticm Kvans 

Evans, 1953, Ann, Mag. Nai. Hist (12), VI. 

On leaves of arecanut seedlings, Mysore. 

ITiis species has so far been recorded only from Malaya and Indonesia from 
some unidentified leaves. 

Typhlodromm {Typhhdromus) bdkeri (Garman) 

(Text-fig. 1, Fig. 1a~e) 

Garman, 1948, BitU. Conn, *Agric. Exp, 8Ui,, 520 : 15. 

Nesbitt, 1951, Zool, Verh, Leiden, 12:36. 

Cunliffe & Baker, 1953, FinellM Biol, Lab, Pub., 1 : 10. 
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VVomorHoIy, J, vJW. 2 (1^59-191). 

19,V), (*awul. Ent, Hi (409 .103). 

<’hafit, lOl.H, J. Linn. Sr/r. Lof^l. Zf^d. XL!!!, Xo. 291 (lOIMUO). 

Fttnalt l)<»rHuni of .273 inm. in k*ngth and 0.15 mm. in breadth 

bi itrinj/ IH piiirs of seta<‘, in 10 in the lateral, <> in the dornal and 2 in the median 
rows, k«»sUTior lateral setae distinetly and .sli^ditly serrated. Ventrianal 
shi»‘ld with 4 pairs of pre-anal setae and without an}' creases or folds enc*ir(‘lmg the 
amis as has Ixen inentione<l in all the [irevious descriptions. Fixcnl digit of 
eh‘‘li<era with 1 teeth and pilus dentilis and movable witli 3 minute teeth. Leg TV' 
with only one shf^rt and blunt macrost^ta on basitarsus. IVritreme almost meeting 
nu'dialy anteriorly. 

On h^avrs of (irapevine. 

Loc : r A.H.r., Xew Delhi. 

(N>ll : U. H. Kaur, 20-8.1919. 

1'he spec ies has becui (sdh'cted from afiple bark in U.K.A. and Canada from 
“1\vigs ot ]^‘aeh bearing eggs and (Ireen Pearh Aphis’* and from “Pear twigs’*, 
N.S.VV. In Kngland it has been reconled by ('‘hunt from the bark of a number 
of tirehard trees in Kent and K.sh^vk. 

Family Cheyletidae 
(h*nus Oudemans 

( IhL tiujent^H onuitus (('an. ^ Fan.) 

Oudemans, PUH. Enf. Hr. Xrtkrl Hr., Vol. I (21), [). 2t)S. 

Womersley, I9I2, 7’raa.y. H)t/. Sor. South Au.nt., Vol. 99(1): HI. 


I 


Text-fio. 4. 

ortva^us (<i) Adult fem»U> (domal vidw^ 6.3xx40x). 
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Baker, 1949, Proc. V. S. Nat, Mns., Vol. 99, No. 3238, pp. 2(58- 320, 

Host :'-Tetraiiychid mites. 

Host Plant : Leaves of tig. 

Habitat : - New Delhi. 

(\)11 : — R. H. Kaiir, 10 7-19o9. 

It is a small, yellow s})eeies with s<piaiuitorm senate dorsal, l\)rmal and g<'nual 
setae (Text-tig. 4), 

During the rainy season i.e., in the months of July an<l August, it is oommonly 
found on the leaves ot fig. It has luaui recorded from Palifornia in h'lnon buds* 
with Aaria shMoni (Ewing). ft has also bi'cn reeorch^d from Italy, (Miina, 
Hawaiian Islands, West Indi(\s and Australia, associated with s(‘ale insects «>r with 
eriophid mites on which it ])reys. 


Phj/tosei((,s minutHs sp. nov. 

(T(‘Xt-fig. o. Eig. a-h) 

Ftmule : Length 0.2(5 mm.: breadth 0.14 nun.; dorsum rugos(\ shi(‘ld single 
with 1(5 pairs of setae (including Sj, whi< h is associated with ami L,A a-rrangcsl 
in a lateral row of seven, a dorsal of six aiul a median of two |)airs ('IN'xt fig. r», 
Fig, la). Sj on the dorsal shi(‘ld, S2 ])n‘S(‘nt. All latc'ral s(4a<' ((‘xcept L.^ aiul 
L4), D], Kj and M., thickened ami distinctly S(‘!Tat(‘d; and all dorsal s(‘ta(* (except. 
Dj) Mj, S2, 1^2 and L., short and smooth. The nJativa^ length of thes(‘ seta*' is as 
belov\ : 

(Li-L^) 19:4:10:4: 28 : 25 : 22 : (D^ De) 8 : 15 : 1 : 1 : 1 .5 : 1 .5 
(M, I : 21 : (S.-S^) 14 :4. 

There are four pairs of dorsal pores as shown in Text -fig. 5, Fig. la, of winch 
the 2nd pair is well-d(^V(‘lo]K‘d and covers the s(‘tae almost (*ompl(4ely. 

Peritnuna with its stigmata, opcuiing ludaveen coxae fff and IV and anteriorly 
extending on to dorsum and almost meeting iti tlie mid-line. 

X'entrally, body covered by the usual shicJds. Ventri-anal plate longer tlian 
broad, 0.085 mm. in lengtli ami 0.0(55 mm. in width; sIuijmuI as in figure (Text- 
tig, 5. Fig. lb), with 3 ]>airs of s(*tae in addition to para-aml jHmt-anals. Para])odal 
{)lates abstuit. 

(riiathosoma ami maxillary palps normal for tfH‘ group. Fixed digit of ( heli- 
cera with two pnuninent and well scparat(‘d teeth ; movable digit with one weak 
tooth (Text-fig. 5, Fig. 1(‘). 

rV)xal glands as figiinul (8). (Text -fig. 5, Fig. Id). 

Leg TV’^ with three macrosetae, on gmui, tibia and basitarsus. Setae blunt 
(Text-fig. 5, Fig. le). 

Mah : Length .12 mm., width ,12 mm. Dorsal ehaetotaxy resembling that 
of female, relative lengths of the dorsal setae? are the same, iliougl) they arc smaller 
comparativfJy (Text-fig. 5, Fig. If). 

Ventri-anal slueld w ith three f>airR of set ae in add if ion to para and post-anals, 
arrange<l as in P. macropilis (Banks) (Text -fig. 5, Fig. Ig). 

Fixed digit of chelicera with three teeth ; movafJe digit with om* tooth and 
a hammer-shaped spermatophoral process. (Texi-fig. 5, Fig. Ui). 

This 8]>eeicH may be distingnisbcMl from P, plumijf/r by the preseruu' of three 
macrosetae on leg IV and by the absence of [)ara-[)odal jdates. It is also very 
close to P, nahuatlemi’H DeliCon from which it differs in t he relative length of setae 
on the dorsal shiehl. 

Described from 7 females and 5 males, eoliccied from Tetranychid infested 
leaves of HibiHcm esculeiUvs H. at Indian Agricultural Research fnstitute, New 
Delhi. 
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'»«2 

TToIm-, (illii and para-ty{X!A <loposit«l in Xational Ihisa Collection, 
N.-W 1>. Il.i 

f ull ; R B. Kaiir, Till March, 11ir>y. 



Ki),'. I. trti'iiittis rtp.nov. (>i) A>lult female (dorstil view. 6.3xx40x); (b) Ventriana 

pliitf' r«'iiukl(' • lOx) ; {(') (’hflicoru ft'nuUo { l(»x lOOx) ; (d) Coxal gland (lOx X lOOx) 

{(') \V li'g (t>.:K V l(K) ; (/) ntlult lualo (tlorsal \it‘w, G.3x X 40x) ; (r;) Vontri-anal plato 
nuilo {♦>.3x U)x) ; (/*) (.’ht'licora iiuvlo (lOxxlOOx), 


Tf/phloilrontHrS {'ri/phlodromiLs) confnf^us, now species 
(Text-fig. d. Fig. la-d) 

: Dors;;! shield faintly reticiiIatcHl, .273 rnm. in length and .15 niin. 
ill hnadtli ; with IT pairs of setae, nine in the lateral, six in the dorsal and two 
in tiu' median rows. (M\*xt-fig. d. Fig, la). All setae smiHith except Mj and 
wliii li are slightly stTrated. Relative length of the setae as follow's : 

(L, L,) 7 : 5 : 7 : S : U : 12 : 13 : 13 : 13 : (Dj-De) 5 : 5 : 5 : 8 : 10 : 2, 

(M^ M,) 5 : 1 1. 

Kxeept all other setae in the posterior half of the dorsal shield are com- 
paratively longer than those in the anterior half. Three pairs of pores present 
on dorsum as shown in Text-lig. 0, Fig. la. 

Setae S| and S^ on iuU'rseutal membrane. Peritreme almost meeting in the 
mid-line anteriorly. Sternal shield normal. Ventri-anal shield longer than broad, 
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length .085 mill., breadth .052 mm. with 4 jmirH nf pre aiiHl «eta(» an<l a [liiir of 
jx>re8. ParajKKlal plates present, one pair long and narrow, the other minute. 

Coxal glands with thick and short duet (Text tig. 0, Fig. Id), llnathosoma 
and maxillary palps normal. Movable digit ot chelieera tot><hle.ss, lixcnt with three 
minute teeth. Pilus dentilis not seen. Leg I\’ without any mairost'tae. 



TcXT'Kin. 6. 

Fig. ). T^iphUxlrovius {I'yphlofironiui) ronfii,sij.H sp. iiov. {a) fciiuilo (dorhUvl viow, 6.3x X 

4Uxj ; (b) VHiitri-au/il pln^^^ fcMiuUo {0.:jx y40x); (r) ff iiutlo (I0x >'n)0x) 

{d) Coxal gland (lOx'/lOOx). 

Fig. 2. Tjf phh>dromu8 {Amhlysemn) orientalis Hp. imiv. (a) Adult f'oirmlo (dorsal view, 6.3x X 
40xj ; {b, Vontri-anal plate fenuile, (a.:ixx40x, ; (<•) Cludin^ra fniialo (lOx / UMlx); 
(d) Oxal gland (lOxxlOOx); (r) (1i<'lir(aa iimln {I0x> l(K)x) ; (/) IV I<'g ((l.llx X 40x) ; 
ig) Vontri anal plate male (6..3xx40x). 


This species comes closer to T.(T.) tiluf’, with w}ii('h it was confused in the 
beginning and henc^e the name c/ynfusv^ but differs from it rrhiefly in the? length 
of setae and dentition of the chelie^era. 

Male : Unknown. 

Described from a single female s}>ecimcn collcctoel from the leavers of sunflower, 
Delhi. 

Holo-type deposited in the National Pusa Collection, I.A.R.I., New Delhi. 
Coll.: — R. B. Kaur, 14-7-1959. 
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ijfkhht^lrouniH (Atnhly-MULH) on^niali^, n(‘\v sj>e<*iett 

CW'Ki-Wjf, r>, at) 

Frn>ah : D'hxaI i^hicld .!> non. in length and .ITS nirn. in breadth ; with 
tnirir^ ii pans ut srtar, tivi* in the fhirsul, six in tlie lateral and two in the median 
iou-». ( r# \t tig. t>, Fig. 2 a). S| and on interseutal membrane. Hetae Lj, L 4 , 
lijj .unl I), aral ihiekentrd and slightly .serrated (as in Phyiosf 'm.H Ribaga) and 
mea.-,ur»‘ InT mm., .1 iriin., Ils mm.. .nihT mm. and .OTS mm. in length respec* 
tivrjy. 'bhe rest, ot the .setae are simple and rfdnntc*. A ]>air of promimmt dorsal 
pr»r<‘s situated in close* proximity to sotae Mj as shown in Text-tig. (i. Fig. 2 a. 
l*e'ritrerm‘ with .stigmata, opening bet\vt‘e*n eoxa»- HI tV: I\" and anteriorly 

♦ vteiiding on to dor.siim b(*yond <‘oxac^ I. 

V'etitri anal [)lat<* long<*r than hroad, .shaped a.s in 'be xt tig. b, Fig. 2b with 
ilir**e p<iirs of setae in addition to para anals and [sest -anals, 

(fiiathosoma and maxillary palps normal. Fixed ditdt of ehelie(*ra with a 
lou of uboiil six teetii and tnovable with two (I’ext tig. tj, Fig. 2< ). “(.‘oxal glaiufs 
as ligiireel. ('rext-tig. ti. Fig. 2(1). 

Leg I with four maerosetae*. on genu, tilua, !)a.sitarsiis and tarsus. S(*tae 
sp,i.tnlale (/rext tig. tl, Fig. 2f). 

Mult : Length ‘Jns mm., bre-adth .l.‘t mm.; eba(‘tot aetie pattern similar to 
t liat o|' femah*. 

\'entri anal sliiehl witfi thret* pairs (»f s(‘ta(‘ arrangcal as in l'ext-(ig. b. Fig. 2g. 
Fixed digit of ( helieeiu with .*) t(M'th, movable with one and s[>ur sliapcal sj)erma- 
lophoral [»r(»e4*ss ('Text lig. t», I’^ig. 2(')‘ 

]K‘S( rilM*d from t) fiunales and 2 males, (’olhs teal from halves of Ipontai and 

• < >tt < >11 . 

Lo(‘,: (Miefnbur, Hombav. 

('.>11.: K. lb Kaiir, :M2 Vj.VJ. 
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OBSKRN'.VriO.VS OX Tinh: KMMMVOXK^ AN'O J.Ali\ AL IVKVELOPMKXT 
OF SOME ESrrAliTXK FALAEMOXll) I’UAWXS 


liil K. JiA.i YAi.AKsiiMi, ('iiilnil (ahiwl Fi.t/ii >!• .i h‘r.‘<iarrfi Slation. 

(( '(>imnuni<*iU(’d hy H. S. Hliimathur. F.X.l.) 

(Jxt ccivu! M(Uj ‘U , rt <u\ AntjuM J!J()0) 

Austua< r 


An iMA'oimt ni th«' t'.iul)ryojii<‘ d«'\ at . hutrUliif; aiol lh<' Htinotarr of flv ‘ aily lavvat' 
>r r. tn<iU'Otnsouiu /*• nulls, !*. srdhriruht.s, ami /*. niinihilis ih A * om]‘u» iHon ii 

li<‘ (lifToroiil- , sliows «MMtuiii »! tui s »n sj/.t*. t ni’*< taliin lor ii<A olo}ilut at 

ni(l hatrhirig niui llto tiiiio <jI’ a|>|)oarHm«* or lamtiomug ol \oiiouH • niloyoim* Hti\J«tur»H. 

ill tl\o naluiA^ of cliMniuitoplion k uinl tJi.'ii- iiiiong.no at in tho IbI Hlogo lm\iio of 
all tho MpooirH stu(li( (i. luiM' iao n drurviSu A ami Ou' Jialiont jinints of \ U!liili<»n in tho no ij.l.o. 
iionrir oliaraotrrs that il ist ingnisli tlo* larviO' of (lilh’K iit or. diwiissod. M'ho l*n(l Hlog»‘ 

larva i>f 1*. nn’ruhilis in doHorilHoI in di'tjiil. 


l*t\t\Niis hrlongino tti tli(' giMicni I^'l hit'ifjoii Jiiul Ij‘*iiulnr iorin uii iinporl »vnt^ 
lisin I V ifi the ir('(»ol,|\' cst uarv , iiig lornlxnit < 11 p(*r ’ cm lit of (Ik* (otiil (*{i(<'Ih‘s 

of' praw IIS ill (liis iruion. Dmiiig (Ik- (oiiisc^ t>( sfiitlit's on IIk‘ populal ions of t'sfnaiiiio 
jirnwns, it vsfts foniul iKMM'ss.iiy to ass(‘ss thns Hunt luit ions in (hi* ahunduniM* ol 
jn\M*iii)<‘s (lining (he \Muions s<’.’is<»ns in (li<* y<‘Kr, )K‘nc(* (his s(n<iy on (’tirly <*inhryonii‘ 
1111(1 hirval ws.s started wit h a view to ('sinhlishing (lie i(ii‘n( ifying eharaelers 

nf’ ( o.r^ n nd l.irviK* of difVt'rent spc'eii s. NaJaraj (191 /) hn-s desenhed in some didail 
1h(‘ejjrj\* d(*V(‘loj)nK'nt oi Ptihif ifhn llelh'r. and Aiyt r (I!M9), its embryology. 
j);*s (lli:;.”*} and John (MHT) n pintiMl having stndiod flie (h'velopmimt. stages in 
PdJfit /(<■:< ff' hrtfid't'rei JOdw., and 7^A/e'-('n/((>'a ra.rcrnff-'i i^abr., reKp(‘et ividy , bnt; 

the delaihd descriptions liavc^ not yc‘t loo'n publisliecl. Menon (ItKiS) has giy(*n 
(he lir.^l d(*(ail(*d de'Si’ii jg i<niK of the first two larval stagi's in ((t^rcinuH 

and Pahirtnou, mdis. Ihit for the>e, (here are no published rejiorts on the, deve>- 
lopniental teal uri'S ot an\’ (»(h(*r sp(‘eies ol (Ik* genus Palac'inon ol Indian waters. 

'I’his |)ajM'r deals with (bur of the iiiok* important s|)eeies ol‘ prawns, namely, 

tmtn iHifjh'onixnun Kdw,, P. rudts liellcM’.. / . unKihdis Ivernp., and 

t*. .s<’af)rirul Hs I relief’. 

P. }u^d('Ofnsit)t.n, vv*as reeor(le(l a*, oei ui'iiie; in tlie varions j)arts ol tMiuth rndia 
(Ifeiahrsoji and ^bdlhai, 191 i»); as lommon in p(*ninsular riv(*i’H that drain into 
the of Peiigal; Malabar and east eoa.st of India, uplo (he Mahanadi delta ,' 

W i st coast (»1 India^ Iroin Indus delta to tin* nort h(*rn limit ol jVTalabar coast . 

( l iwaii, Ibbo). d’he sjieeies (k < urs in (lie Middl(,* a.nd uppia* zones of the river 
JTfxjghlv and ( lose ly rt‘s<*mbjc\‘^ ii iuav variety deserilx’d hy Selnxikel (J902) under 
the itaijK* P(!-l(i» n<of>- syy(/ir^//(:.v \ a.r. IIowc*v(‘r, in identifying this species 

as I*, f , the author has followed Ifolthuis (195b) who has observt^d, 

I he spiK'inieiis of this jkav variet y show all i liara.eterH nK iitioncMl and figured by 
ir<‘n(lcTson and .Mattliai for J/. indhom^'ionii y so tliat 1 see; no n*asoii whatever to 
separate the two forms. ’ 

P. f'ffdi'i was r(*eorded its occurring ia ‘‘Madras and Ivakinada’ in South India 
;f£endcrs(jn and :^LltthH^, 1919) from “Malabar and i^ast coast of India upto Maha- 
nadi area and the d(*Itai(; i3engals“ (Idwari 1955). Jn Ifooghly, the speeieH occurB 
mainly in the middle and upper zones. 
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/^ urahnruhfx han laa ii n c onled as oeciirin^ in various parts of South India 
f and Mntthai, 1910) ; from “Malabar and tho east voast of India upto 

iIm* M/ihanadi ilvlta ; thv dvltaic IVngals/’ (Tiwari 1955). In Hoo^hly, it is found 
fnainly in tin* niidd!*' an<l up|H‘r zones. 

J\ inirahiliH occurs in varir>u.s localities of jt'anj^etic delta (Kemp 1917 ; Tiwari 
1955). riiis specie.s is distrihutcd throughout the estuary tliough is landed in 
(he catches mainly frorri the u[)per and middh' zones. 

Matkuiai. AM) Mkthoos 

For study inj' the eruhryonic and larval development, live herrie<l females 
ohfaiucfl from t <omnnTciaJ catches wen* transporle<l t<> the laboratory and 
r(*ared in a^piaria in Ire.sh WHtt*r. In a few inslancf*s when* rnatun* males and 
females wen* r<*leas<Ml in the a(|uaria, it was ohservi'd that c‘Xtrusion of eggs in 
fernah^s had (akcij phoM* suhse<ju(‘nt to th<*ir introdintion into the acjuarium. To 
sttidv the eurlv einl)rvonic developm<*nt , microsropic ( xamiiiation of a sarnph* of 
feu (*ggs M(^parated fr(un tlie [»an‘nt. et rt*gular interval of 24 hours, was made. 
d’huH, the (h‘V(*lopment was traced upto hat<-hing. I’emperatun* readings of water 
in the; a(|uaria were tak<*n at n*gular intervals. Faxon (1879) working on PaUif'^ 
ttunutf'H observed ?ha,t ‘cgiTs if detacl)e<l tVoni th(* mother di(^ invariably, 

unless tin* enclosed embr\o has ranirly reached the point of hatching”. A similar 
conclusion vsa.s arrised at by Xataraj (1947) working on l^ahufnufi ida* ll(‘lh‘r. 
Ifowt'Ver, in tin* ( ourse of (he prcsc'ut studie.s, it has been j)ossi[)l(* to successfully 
rea?‘ to hatching, at least 5tt",, of the eggs s(‘parat(‘d from tin* parent, in small glass 
bowls (ca[)aci(y 550 c.c.) where clia.nging of wat(*r and cU'Jiiiing of t'ggs were done 
at perio(li(' intervals. 

'flu* difTen*nl stages jissignc'd to th<* developing eggs in tht* dcscri])t ions giv(‘n 
in the text, are bas(‘d on the progr(\Hsive changes in the colour of tlu* ('gg inass and 
(he characteristics of the live <*ml)ryo as obs(*rved with tlie ai<i of a resear(‘h miero- 
H(‘ope. 

'fhe larvat* of /*. rudis, P. nii nihil is and scdhrif'/d ns survived tor two to 
three days after the tirst moulting : in /^ nnUroitnn^nii th(' larva did not moult to 
second stagtv Various measurturieni s of (In* larva(* wen* taken from dorsal side 
after rendering them inactive by the addition of a few^ <lrops of 59‘h, alcohol. 
(Fig. II). 


KmIJH VON ic OKVKI.or.MKNT 

/*. tnalrnnisinhii . Hcrri('d spci itnens of tin* species were* availabh* in the middle 
and upper zom*s of the river Ifooghly in the months of May to Septendx'r. 

Stagr I : (/ / ddtjs) 

4'he fertili.sed eggs (Fig. 1) are found to be nmn* or less elliptical in shape 
12 14 l)ours aftt*r extrusion. They are deep yellow in colour and the individual 
eggs o!i an average measure 9.82 mm. ^ 9.52 mm. dlie <*entre of the egg is darker 
than its j)eriphery, and has a thin transparent membrane completely covering it. 
Distinct iiexagonal markings are seen on the surface showing an advance<l stage 
of cleavage. 

The vei\tral plate becomes noticeable as a well demarcated cellular transparent 
region at one end of the egg approximately 48 hours after extrusion. By the 
next day this strm ture imu'eases in size, and the rudiments of the embryonic region 
namely, a stout rephalie lobe in front and a narrow' and elongated thoracieo-ab- 
dominal lobe behind with prominences of appendage buds, are well differentiated. 
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On the 4th day (Fig. 2) the cephalic lobe has increased in si^e and is divided into 
a larger anterior optic rudiment, and a smaller ])osterior rudiment of the antennule. 
Two knob like prominence's c/:., the antennal and mandible rudiments, are difr(^r* 
entiated towards the }>()sterior region. The thoracico-abdominal lobe gets further 
differentiated into a forwardly llex<'d, abdominal process or tels(»n rudiment. 



Fip. 1. Egg on tho first day of (Jovoloptnont 
Fig. 2, Egg on tho 3rfl day rif dovidofimont. 

AB.PH : AMoniinal proo^^HS ; AN : AnOinna ; ANT : Aatunnulo ; MI) ; Mandible ; 
TH.AB : ThorfM*ic“o abdoininal lobo ; OPT.KU : Optir nidiiuont. 

Fig. 3. Egg on tlv’ oth day of dovolopiiiont 

MX I and II : Maxilla J and II ; MXP : I, 11 : MaxillcpodH I and II ; roHi a« in Fig. ?. 
Fig. 4. Egg on tho 7ih <iay of dovelopniont 

EP : Eye-pigment ; H : Heart ; MXP J, II and III : Maxilleped« T, IT ami HI ; OPT.V 
Optic Vetjiclo. Iie«t as in P'ig. 2. 



*'9^ K RA /VAf AKSFTMf : OH-^KHVATrO.VS ON THE EMBRVONfO AND LARVAL 


II: (J <1*^*1''^) 

f»jr l)<-;^irHiintr of .Itli <lHy (Fii/. :j) tlu* rudinH'Hts of four moro cephalic 
.i[)p' fi»l iLo -i , h<uno|v. the first arul sf'Oorifl inaxilliK* and ist and 2nd maxillo])eds 
.u«- al',(; f..r/n(d. Thus, a, total of ri^dit f>ronii!H‘n<rs arc f'lrariy visilila on the 
( ni lif* V ' sif. f «M/io!j. Tip ahdoihiiial j)roc(*ss is n»nie f)!‘onoiinrod and extends iipto 
I ho sfilrnnal jo^'iori, as w < | j .dolin<‘d forv, :odly-dir(s to/j javscss. Idiis pnaa'ss 
i , fh»- onf\ part of tije enihi yo projerti!n/ a\\ay fr'orfj the yolk, while lli(‘ rest of tht* 
f fnhrv one rndineaits fuMnely, tfe* opti'- lol»r arid eephalic ap[a nrlaees, li(‘ llaJ o\a*r 
the iiiuler lyin^r yolk mass. 

On ‘he t)th day the oj>t jo rnflimonts ate very eonspicnons, lyine (lat ovt'r tl\o 
volk ntass. 'The s.ipe-nmile fital aaiterina an* posttaiorly dir's-ted. The mandible, 
llm lirst and serimd maxillae, are still short arui hlinn, hnt flirected downwards, 
'[’he three inaxillejasl.^ aj-e vvell delined h\ now. 1’he abdominal ])ro(*(‘ss sliows a 
eh*f( in ns ?niddie at posteiior end, fn the < t^phalo- 1 liorat ie re^doii a tiny Iu‘ar1 
vesiele hae' made it-, a, ppisu a m*-. .\i this r<-LO*on, ;i sliehtls elevated part of Volk 

niass of bidif \a lIow eolonr eom-e.! i|,,r t‘<*\v l;iri.':e ;ind ^ Tna.II v?o-uo]<‘S is visiblta 

Sht/fv III (/ // dtiif^) 

k'ron\ the 7lf» day to the tine- of fiatehin '’ on tlm Iftb da,y. the developnn'id 
apfx fvr.M mainly !•» eondi',! <.f‘ •:r<»wth n.nd f'nrih(r diib rent iat ion of tin* \a!.rious 
rj*;. ions> and append;'.' i s j.b-e;nly li)r t!ie<l. 

On the :M'\enili (la\ (f'ii'. h the lieai'l v»‘;d('!(‘ laying to pnlsa(<* at irreeular 
itifervals in flte heejmiiny later on bec-omitie rm»re reynlar a nd rliy thfinh*. d’he of)lir 
vesi( je a.ppe;»,jM ;i \ ery thiOv and prominent Ntmelnre and alone its innt'r border, 
a short narrow ;«jid (lise<int iniions .hark st }•! ;»]< of piertient beeonn's visible. Tin* 
earaj^.iee has deNelnped an<l loveis tin* < » phalo t lioTaa ie reeion of th(‘ (‘rnbrvo. 
'Tin* a,p[M*nda,si»s are elongated am! tnbtdar and the three! ma\ille]>r(ls appeiir dis- 
tinctly bifiel 

Dtnine the S(h a.?i(l thh dao/s. the (jptie vehicles vvhieh an* hillna'to lyine llaf 
over the y(.lk beLon to iin fea'-e in .si/e* exi^ ndiri'^^ iip\\ards on e.u h side of tin* 
•mbryo. Tin* e*y«‘ pi'„rnn*id Iris jxMonn* eorjfiimons, ov.-< i sh;yf)e(j, a.nd laryn'r. ^Pln* 
antemmh' arnl antemna h.’Ue lMM'<.f>ie more tnbiil.ir, elnnyate'd baa-kwiiirls parallel 
to tsveh otln‘r from the eephalie isi/ion |o tin reyinii of tin* J st maxilleped. 'f'lie 
mandible and first aaid seemal fiiaxillae* rem.ain shoi t . but w ith sliLdttly f>ointed 
ends, directed elowriwaasl inelininn sbyditlv forwards. The th]'(‘e rtiaxilh pr'ds an* 
more eloneated. The yolk has diminishi*d to more titan half its orieinai volnnn*. 
Faint litie.s ol segmentation aax* visible on tin* abdotttinal proe(*ss wbieh is seaai af 
the h*v<*l of maxiilepeds ; the ytif is visible ;»s n very narrow’ tnbe* alonir its (‘entre. 
'The libi'rated ibiid y<^!k whieit a, )>p<'ar<'<l on the <>th day (‘oitsist iny of mimber of 
VH(*uolt's, lias inereasisi in volume ami .shows r(‘<,rnlar fmt slow nn>v(‘Tn(*nf s. 

]W the loth day (Fie. o) the* e've- piij:nt('tit be(*onn*s larger. Tfie distal end 
of ant<*nntde is ven-y tiitely t’a>inted. and that of ant('!ma.l (‘xopodife is faintly 
annnhited, atnl from the lower of the ia,tter are S('t*n very fine seta(*. 1’he 

lat(Tal ('di'e of (‘arapae** is more distinct, (mrve<i upward post(‘riorlv. P('rista]it ie 
movetneitts of tin* litpiid yolk an* found to Im* more fr(*(pH‘nt ami oeeasionally a.re 
se<*n inov('nu*nl.s of a few droplets of yolk ittsidt* th(’ Lpit. Xdewed frmti flu* lower 
stirfaee of the eys^, on tin* <*nlarired bifid posterior end of the t(*lson are seen seUic*. 
as small protidvertwiees. 

Sta(fr IV : {I'lth ilaf/ to I Ith 

On tin* 1 2th day (FiyL ti) tin* etnhrvo appeal's tpiitc advanee<l. The yolk is 
hifjthly redneed, appearing as f hloeks. two anieritw aiul two pf>sterior. The endiryf) 
<n*eiipies the major portion of the etrur. The eye pigment is almost spherical. 



DRVELOPMK^TT OP SOMR KmiARfN’R PAIABIIONID PKAWN3 tiMlf 

Ti hon hits o\t(‘iui<*(l ht'votul iIk* antcnt»r t'ud i>f the eiuhryo ciirvinj; upward^ : 
\ie\e»*<l from the ](>w('r snrhvce of olzit, on its roiu^ave ]H>sierior t‘nd. tlu> setae are 
well defined. '^Mie hirannms me xilirpeds hsve olon^/ited, Iluar distal ends be- 
eoyniiin setosfx Ths^ 1st and ^yid jiiTeiopods t<»rined enrlirr. an^ visible ss small 
tnbiilar si iMiet in os. Th(‘ aluhmien lias six si gnrents, the I.isl one emitinuons with 
the telsmi. Tlu‘ embryo sliows ori ‘si<in;»! jt‘rky mov/'in^'nis which bia-aine mon‘ 
ire(|neiil no:ir the time of hat chine. 
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K. HATYAiJlKSHMl : OrB-SEBVATTONS ON THE EMBRYONIC AND LARVAL 


♦fiihryn continues to ^/rovv alworlung the remaining yolk, and by the 

1 Uh d iV (Kig. the development is complete. The embryo is transf)arent, with 

a smeJl ariioufjt of yolk beneath the earajiaee. Eye pigment, completely spherical 
bv tjow, is visible chsirly to the fiakcsl eye. Tin* heart beat, {M*ristalitie movements 
of the lirjuirl Volk and the jerky rtiotions of the embryo are more rapid. 

llal^'hhuj 

diie larvae rt‘ared in JOjiiaria hat^hcfl out late on tlu* Itth day betwiH'ii 

2 r> a.trr. wherr the t <*mperal ur(‘ was (b At the time ot hatching, th(' parent 

was found to swim constant ly. Tin* rapid movement ol its ple<»pods along with 
th(* jerky irrovernents of the enduyo inside th(‘ egg numibram* presumably ludp 
the pror<^ss of liatehiug. 'Pin* movemeuts of the pleopods disp(*rs(‘ the larvae. 
The larvae were luitehefl out in l»atehc*s and Htt<‘r eaelr bateh is leh'ast'd, tlu‘ parent 
resterl for a whih* e.t tln^ b(»tlom of tin* a'luariuirr slowitrg down its movements and 
aftc*r 2 or !1 minutes it swam up again to release a.iul flisptgst* a fresli bateh ot 
hatetied larvae, die erjtire hatcfiing took 2 2 Iroiirs in the a^piarium. 

Hy the mext morning all tlie larvae w en* setur concent rated at one eoriuT of 
tlu‘ arpiarium, sonu* attac lied to the ghtss sid<‘s, all hanging h(‘ad (lo\^ iivvards, 

Kmhrifftntv ih n fopfnt nt in /^ ndnhhUis and 1\ sn^hnen! nn 

d’lu' general [>attc‘rn of development in tfu'se three* s{)e( ins hears a very close 
r('H('n!hlau< e to tlrat <»f P. nndi'otnstmii w hic h is desc rihed al>oV(*. So, only the 
rnutri points of difTetc*nfC‘s noticed in tlu' eriihryonic history of these sjKX'ies are 
indicated here, 

/*. rndin l)reeds in thc^ middle* and nf)per /,ones of the* estuary from February 
(o Oc tober with the* peak pericsl from June* to ()etob<‘r, T\w eggs take 19 days 
feu* dovi*lopnu‘nt and liatehiug in te*mpt‘ratun' ranging from 25 to 112' (\ din* eggs 
are light gnam at tlu‘ time* of c‘\trusion and measure O.td 0.71 mm. (long axis) 
and tt.l9 0.5() mm. (short axis), ddie vc*ntral ])lat(‘ and emhryonie rudiments 
apfu'ar on the third and fourth day rc'spc'ct ively . ddu* |K‘ristalitie moveunents of 
the* iil)(*ratc*d yolk an* sec'ii on t hc^ 9th day ; and the pulsation of tlu^ heart vesicle 
cm tin* loth day , the* streak cd eyc'-fugment also apjiears on the same day. 

fninihill.s appears tc» hn*eci all the' year round in all the /c)!u*s of t!u‘ estuary, 
ddu* t*ggs take' IT 19 days in di9or(‘nt broods to devc*lo[) and hatc*h. ddie entire 
(h'vc'lopment and hatc liing took place* wheai the* watc'r tc’inperatnre* in tlie aepiarium 
ranged between 25 and 2t)d’ in .Tanuarv I95S and 2S and 29 (’. in August 1958. 
ddu* e'ggs whieli are (h*e*p orange* in colour at tlie time of hatching, l)(‘(‘OTne lighter 
as the (lev(‘lopnu*nt advances, till finally tlu*y hec'orne almost transparc'iit at the 
time* of hatching. ddu* ?neasnre*inents of the extnuled t'ggs range from 
0.5P0.t)l mm. (long axis) and o.M tbib mm. (short axis), ddie ventral y)late and the 
embryonic structures make tlu*ir appe*arauee* hy the 4th and 5th day^ resj>octively. 
ddie streak of c*yt* pigment heeomes visible on the inner border of the optic vesicle 
on the* IHli day and the pulsation of the* he*art vesicle and the* peristalitic move- 
ments of the* liheratc'd yolk heM*ome notiee*able by the 19th day. 

I\ scahrirnhis appears to hree*d in the middle* and upper zones from late 
duly to daniiarv with a pc'ak hre'eding period from August to November. The 
eggs take* 29 days to dovelo|) aiul hatch into larvae at the temperature ranging 
from 22 23.5 4 \ Tlu'V an* brow nish -yellow when extrudenl, becoming lighter 
as deve'lopnu'nt advanee.s and measure 9.9)0.59 mm. (long a.xis) and 9.37-9.41 mm. 
(short axis), ddie ventral plate and emhryonie structures appi'ar on the 3rd and 
4th day of d<*veIopment, respeetively. ddu* pulsation of the heart and the l>eri- 
stalitie movenu'iits of the* liluTateil yolk are notieeahle on the 11th day. On the 
inner border of the optic vesicle, the streak of eye-pigment apjiears on the lOth day. 
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liAKVAE Development 

Palaemon mf^lconhsoH ii / ; (Fi^. HA aivd B). I'ho larvae nmvsure 

2.00-2.28 mm. from the tip of the rostrum to the tip oi telson. The rostrum is 
long and slender, bent towards the tip reaehing more than hall of the anUmhular 
jKxlunele. It measures 0.17 ().2tt mm. fnun its base to the tip. Antero-Iateral 
angles of the carapace are drawn out into small spines. 



8. A. 1h< liwi-va of /*. in<dc(tnt.Hotkii \ l>ori«U viow ; IL LiiOMal vi<iw ; (', Maadihio ; 

D. Maxiilu I ; K. Mtixilla IT ; Maxilic^jx d J ; (L ToIhoii. 


Coloiimtimi : Imder transmittc^d light, the larva appears transparent with 
light bluish pigment at the bas<^ of optic vesicles. A ])igment spot of orange-red 
colour is seen at the base rjf ea<jh antenna and pink j)igment on the oral region. 
There is a prominent (»range-red dendritic < hromat(»}ihore on the third abdominal 
segment, the branches of which extend on to the 2nd segment. A small chromato- 
phore of the same colour at the base of telson. The eyes are large and 

Antemiule : The pcduftelc is long and unsegmented, with an outer unseg- 
mented flagellum having 4 aesthetes and one short plumose seta. The inner 
flagellum is a long plumose seta. 


K. iCA < V : OHSEItV VrCOXS ox TilK EMUHVlOXIC AND LARVAL 


(o2 


n/ta has a smali stcmk r sj»iri<‘ *\t the hasr. Tho llu)i:(*lluin 

is f loni/ati-d, ed an<l ahniu 2..‘> as Iniia as tlu? 

) il f xoj>oditi-, trf'ffiinadly hcariiijx a. phunosa srta and a siuiill spijKn 

f h -n aiifMdat i' ajs li rminally on ( xopoflii** and lo s<*laf’ ahaiLf its inner 

niuii'Ui a,fjd tilt' fno-J fiisl.il on<‘ <>t wln^ h small and spirie-like. On the 

outiT .H<‘ Uiu v< !-y small S4*ta(" ami there is a .siiiali jjiipilia at liic base nl 

f he I -t >eLt on inner niru j:in. 


M fifuhhh .i : S< h aie small a, tel slna*t. d’he n[)per iin isnr part has 2 tivth 

and a. dender .and lo!)^ toeih hriow thr tji. d'he mnhu- pai f is smooth, IVee of any 
lef'th. I he mandihh s oi liotfi e.re vimil tr in sfiepo .md si/<*. 

Ma.j tKn I il’ii/. >d)}. I he eielopofi ipaljn is sr»i.ail earryine (\sn terminal 
spine like seta.!’ , ot the tao I leitija (ma i« Jil e.r\ [♦roie'^se^), the proximal one 
nafrov\, le-^ lhan h:i.!i i}je d/.e ol the di^ia.l one. It earries t >etae ;i1 its tip and 
pr eNimal n'.niein anteriorly, d’he di'4;fj I'lMiess earrii's t t*f ininsj|\' 4 
lat eer. a nd a, .^hori seta. 


(Ii;dn 1 


on li 

I e4*t fi , < >i U }i ieii Ij.i e 

MtiriHa !l I xj*]) 
ha, 1 lube -^o r \ in-- I v u : < |;u 
eaeii w it h ; hr,- | , \. ept 

f he fWoputl ( e, Jt*; . ,i f j if--, f, 
most pr(e^nn.^l otu' <4 wliieh is ri 
M If. ! fU* tjt if f I I 'm , N I 


ddn 

le- pr. 
phlflju e 


'The emlopofj lei., a t< i rfhii jl seiit e.nd a well marked 
p! ■ f ){.« wilt »• with thi'ee imistiealory jjro< esses 
• vinsil l.M..'e une, vvhieh eerrii'S r nr ^ setae; 
■■'i't.'i •tk.n.j, it.s <»ntej- m.»r;jin and rj^ex, the 
a.ial is direeti'd haekwai’ds. 

■Iiejill v pl ot n hera n 1 basis ( if.rr\ ine I small 
.>ef,ie on its Ollier m„}ei!). .vn niise-nieol ed small ami iiiUTow (mdopodite eari'\ ine 
.♦ terminal seL-e s 'in.dl ‘me on its jatmjd matein. ddu' exopoditi* has 4 

pInmoM’ seta,e :ermin..il\ ,fnd two s.-!a.e, one on either ,dd.e a litlh‘ l(,wer d.WNJi. 

M<i. ri!h II i,e.s .1 sineje seta on its sliehtK ]m-o( nheraiit )>asis. 1dieind(e 
[»‘Hliie h,,,s jonr seeimnl,- i Ih' last three of whirl, are well demanaied. 1’lie third 
se-menl (.urie,, one ..ei.i on its marein <ind the la.M ve.^nmnt lias :i i-nnlnad setae 
,iml a !)a.sa.l one. M\opodi(e js as in the first ma.\illeped. 

l/n..ri//e/,, ,/. Ill is similiir to ma.\illeprd exee],( (or I I,,' pirsenee oi 

(<‘!mina.l and hasa,l setae on tie* l.'-.t see,,,,.,,t (jf (.ndopodii,.. Xo .etae ai’<’ visible 
« »n I he basis. 


lyi'njioi'.. / II ,|r,, I, j,., niilinicnfs I., •hind llm :!nl 

iir.iMlh'pt'il 

Sll). i.s i,r..;i(l uiih .nii.-iun cdi.:,-. fl ,;uric.. 7 .-nines 

'.n each li.he, ,|ie tliird mill the fniirlli lieine tile hmeesi !>n(l the 7th the sinaile-t. 

I'fi. /.-/ .v/a,/, f'.ira, nf /’. n',!is /’. .<n>.l,nriihi., „.„,l I’. >,> i nihf} i...- 

I he I sluire larvae in all ihe -peeiivs. hear a, very close reseinhlailee in the 
eorre,-|.ondnie slaee deserihed al.ov.- and the slaee 'deserihed hv >renon (I0;!S) 
Ml r. rnrrnni..' and /'. red.- S... ..niy the .sidielit dilTerenees he! ween I .sta.ye larvae 
ot the various species iu-lu.liny /'. rar//.- (deseril)ed hy Men.>ii OhS) are mentioned 
belt)W : 


/'. re./n ■ 'I’he total leiieth ol' the larva raaiei-s Irom I.!»2 1.0, ti mm and that 
el the rostrum from <t.-JO n.iM mm. 'rim latter reaches to a little more than half 
ol (he antemmlar pedimele. The larva is tnuisparent with liLdif -treen volk under 
the v arapnee. .\ t my red spot at the base of the pednnele of antenna'; blue and 
pink pn-ment at oral re,„r|,,n ; oranet'-nal ehro.natoi.hore on the mid-dorsal side nf 
lh(> fliirti .UMinmiua! segment and pink and hhio pieinent around it. 

/*. vea/ue a/e.- . The total leneth of the larvim ranues from 1.76-2.01 mni 
HiH that of the ro.strum Irom it.l!) 0.2tt mm.; the latter reaehe.s to little more than 
ha of the atitenmdar iH-dimele. The larva is transparent with littht brownish- 
y.llow yolk muler the earapaee. The larvae that hatched from different brooda 
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in the acjuaria, as well as those from ti)w*uei eolieitit>ns do not show the presenee 
of any cliroinatt)phores. The only colour visible is the rtnl and blue pigment in 
the oral region. 

i\ mirahilis : The total length of the larvae ranges from 2.02 mm.“-2,27 inm.; 
that of the rostrum from 0.200.22 mm. The rostrum reaches to a little more than 
half of antenuular }K‘duncle. The larva is transparent with light yellow yolk 
under the carapace. In transmit te<l light, the chromatophores and pigimuit are 
distributed as follows : At the base of each (‘yc a thin stn‘ak of brown pigment 
and an orange-red (*hromati>pliore; orange-red pigment at llu^ oral region ; a large 
iinely-branclu'd orange-brown chnunaiophore, one eacli side of tlu' third 
al)d()minal segment, tlie branches of which ran\ify all over the segnu'Jit and exlt'Utl 
on to the ]>receeding and succeeding st^gments ; pink and bliu' pigment in tlu* mid 
dorsal region of the same segment : a very small orangt*- brown chi‘omatoj»hor(> 
on the tclson, wluuv it joins the (ith alxlominal scgmt‘nt. 

/^ fifi nihil is : (Fiy. *JA) Stagr 1 1 larva 

As mentioned earlier, the larvae 8urvivt‘<l to slagt* 11 in /^ rtalis, P. srahrintlns, 
and P. ffiirahilis, l)cscri])tion of stage II hirva ol I*. ))nrahilis is giv<m bt4ow : 



Fig. 9. A. 2 ikI Btago larva of P. inirabilis : laU^ral ; 13. ManOiblo (right »ido) ; C, Mandibk 
(left Hide) ; D. Maxilla I ; E. Maxilla 11 ; F. Muxilleped I ; O, Telaon. 

Tl»c Ist stage larva moulterl at a temperature of 28°C. to the second stage 
approximately 24 hours after hatching. The total length of the larva is 2.35 mm 


9 


R. Ua JVALAKSHMI : OBSKRv ATroXS ON THK KMBRVONIC AND LARVAL 

that ol thr rontrum iLtU mrn. Itt)strum readies nearly to Imlf the length ol 
anteniHilar 1#*. A ptery gostoniial spine is presi*nr at each antero lateral 

anglr tie rurapai t^, an<l a siipraorhital spine un <-ith(T side at tlie base of rostrum. 
A pair <»f dorsu lateral spines ar(‘ seeri on the oth abdominal segment. An addi- 
tional pair of tiny setae apjsstr on the t(‘lson lietween the innerrjiost |>air c^>f stage I. 
Prreiopods I and II are fnm tional and foldi^^l binirnoiis rudiments of pereiopods 
Ilf and IV^ are He«*n behind tlietn. Kyes are stalk<'<l and freely movable. 

tV>/o//m//oa In addition to the eliromiito[)hor(*s jireseiit in the stage I, 
oiariL'e-red pigment appeeas ii\ the liasal segments of /ill the maxill(‘peds as well 
a.H tlie lirst two p4‘rei<ipo<ls. 

Anffiinult ; 'fhe pi'dunde is segmented. Tlie di.steJ segnn/nt has twd setae 
and the |>r*>xiiiial om^ has a grouji of thret* s(*tae terminally. OutiM’ (lagelhim is 
iin.-;egment ed, hi-aring oiut pluneese s[>in<* like seta and 1 slendiT ai'stheti‘s. TIh* 
inner tlagellurn is plumose ami hmg. 

Anf*nna: Tie* seale fKxopodite) Ijas 1 ;»nnnlati<ms distrdly and more than 
10 setae on its mih-r margin ami ap^‘X. 'fvv(» simill setii(‘ a.re present on its outer 
imugiri, and a pupil l;» a.t th<' l»ase of the first s<‘ta on its inm r margin. 1'h<‘ tla.gelliim 
is long ami sleiidi r with s. spine opposite its l>ase. ami reaches to 1?/.*^ the h*ngth of 
(he Si*al<*. It has a long terminal plumose s<*ta arid a small spine. 

Mnndihlr^ 'file right and left rnamlihles differ slightly. inei.sor jiart 

ot‘ tin^ right mamlibh* (Kig. O(’) bears \\ short blunt 0*(‘th and tiu' molar ])art 4 -0 
shmder teeth, lielweeii the two. a largi* spim^ serrated on its margin is jiresimt. 
'rin* h*ft mandiiile (Kig. OH), ha,s 2 large teeth on the imisor part and <i long shuider 
spim*. lOu* fiiolar part laars i .*» small teeth: between tlu' two is a long and shuider, 
iionserrated spim*. 

M(f,n!ln I : <l'ig. ill)). OOie distal masticatory proec .ss ( a.rri( s i large* and 
2 small Mjiines ami (he pn*ximal one I o very fine spimxs and a rnimite oiu^ em its 
margin antiM'iorlx . 'I’h(' i‘ndoj)od has two sj>ine-iik(‘ setae* teaininally. 

Manila II : (f’ig. OIO). 40ie* seah' (<‘\opod) bears 7 plumose* s(*tae, of whie h 
the* proximal most one* is the* lar*ge*st . Hrotopodite* carries thr(*e mast ie*a.t orN’ pro- 
e’e'sse's. the* lirst ol which liears t te> o sel;i<* a.nd the* r(*st 2 se‘ta«' <‘a,eh. The' eaidojaxl 
has a te‘rminal seta ami a basal lobe* carrying two setae*. 

Manlh fud / ( Kig. OK). Basis be'ars (hive to four s(*tae* e>n its margin, 'lOie* 

(‘neiopodite* is unscifment e'el with thre'e* terminal se‘tae‘ anel lUit* lateral <»ne, The* 
exopodite ha.s ti si'tae*, lour te*ifninally and two lower elowri om* on e*aeh siele*. 

Mar'flhpnl II ; With tive '-se*gme‘nteel e*ndope)dite having 2 se'lae* eiistaily ein 
Its tliinl se'grm rit and one* lute'rally on the last se'gim nt. Kxopoelite is as in (he 
Maxille'|M*el 1. 

Mat'flhittd III : Witli two se'tae on the* basis. The* e*ndoj)odi(e is five*- seg- 
me‘nte*el ; one* se‘ta is pre'sent on e*a-e*h of the first three segments, two setae on the 
fourth and \ on the* last segme*nt terminally. Kxopexiite is as in the other maxi- 
Ih'pe^ls. 

f\n iopn(l'< I aud II : With five-se*gmented endopexlites ; one seta is present 
on (*av li of the lirst threx* segments as above*, and two on the fourth and last seg- 
ments. Kxe)poelite*s are* a.s in the rnaxille'pexls. 

/Vrr/opoe/.s* III and IV : Are feildenl birameiiis ap|>endages. 

7V/.*r(>/* (Fig. 0(t). Is broad and on its eeme*ave posterieir border are present 
S setae on eaeli lobe, the innenne>st one being the smallevSt. 

The larvae survived for one day without moulting. 
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Disri ssioN 

There are several jxaiits of similarity Ix'tween tin* larvae of various spc*eieH. 
However, some difFereuees both iu external features and morphonu'trie eharac'lers 
do exist, by which it is possible to distiujuMiish tfu* larvae. Ki^hl difT<Ten( mor* 
f)hometrie characters as (letiiiled in Table 1 and Fi^. 11 are uschI in this study. 
P. srahncitlus is different irom cll tlu‘ otlu'i* specit‘s in that it lias chromatophores 
(jn th(‘ third iibdoitiiiuil sr'trtnent. l\ niinUnlis is rhanu'(i‘ri/,(*<l by tht* presence 
of one lar^e dendritic ehromiitophort* on ea^h ^iile. pl.utsl alon;.^ tiu* midlat(‘ral 
re^Mon of tiie third abdoTui’ial segment. 'Phe ehanutcr that (list inj.odshes both* 
P. inrJcntnsnnn and /^ radios from th<* above two spet it s is the pn^staiee ol sin}j:l<‘ 
lar^m dendritic cl)roinato])hor<‘ plaecal middorsally ttii th(‘ third ;».bd<mnnal 
s(‘^menl. 



i n*k m Ky $ n Hu % n Hu % n tu 


Fig. 10. Showing ranges and moans of various morphomotrio ( haowtiTS S : /'. ftcabrictU^i 
MA : P. imdcomaonii ; M : P. inirubUiB ; RU : P, mduf. 

These last two sjietaes cjan be distinguished from each other only by the differ- 
en(x*s in c(*rtaiii morphometTi(^ (duiraeters, important among which are the ratios 
of Total length /Rostral let;tglh, “Carapace’’ lengtli/Rf^stral length, “(’arapace” 
length/Diametor of the eye pigment and “Carapat^^” length/width of (^(‘plialothorax 
at the region of (*y(*s (vide Tahh* I and Fig. 10). Tfiere are no significant differences 
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in inorphu!iictri(‘ characters het ween P. smbricuiuji ami P. tnirahUi^ : and P. mini- 
fnhs ami P. rudis, P. ttrruhihs diftt*rs Irom P. nKilrotnsonii in res])e(‘t of *‘(\iraj>aeo'’ 
length/width oi cc|>halothora\ at the rt'gion fd eyts, and Ti^tal lengt h/widllt t)f 



Fig. 11. M(3aHuroiaeiilH used in this study. 

cephaluthorax at the region of (*y<'s. P, scahrlcNlus ditfi^rs frorrt P. tufdcomHonit 
in respect of “(Wapaee” haigth/iiostral haigtli, and length f)f the 0th ahdoiriinal 
S(‘gTnent/\\ idtli of telson ; and from P, rudi.'i in “('arapaee” haigtli/Diameter ol 
eye-pigment, and tlie length of the 0th ahdominal segment/width oi telson, and 
“f^arapac(‘'’ length/Rostrul l(*ngth. (vide ’J'ahie 1 and Fig. JO). 
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EFFECl' OF VARIOUS FAITORS ON TITK INAlTrJVATION OF /? INDOLE 

Al^ETK' ACID IS VITRO 

by S. M. Sircar, F.N.I. and Siiakc ntala 1h jHiriim td of Hotany, (\ilrutfa 

I hiiren^ity, ( \ilcnfta- It* 

(Rtn itrd May IS: rm</ It*b()) 


Absthacts 


Tlio exporinu'Jits woio to «li‘t<*riuino tlu' flTt i'lN ol i'xt<Tnul faclorm on tho 

tioii of LV.\ tn vitro. SoUitioiiM o( <*K(‘iuin‘aIly pun- L\A won* aiul troiiiint'ulH oiuriod 

out ill iliiHkH. A88rty wiia dono by loot inhibition iui't)io<l uMin^ ri(<» roots as tint niat<‘riAh 
The otTocts of tiio following farttirs alono or in, ooinbinat ion with ollior wort* otmorvod. 
Aubjflaving at Ifi IbH. proasuro f<ir 2b mins. cauHos mi inaiki*<i sat iation in <*ontofit 

of (ho aolutioii. 

Addition of bidft'r to luaintain a /df <d r».b has a sltibili/in^ olTort on root 
higlit at room toiupiaat nro {27 j 2 (') has tin iiiai't i\ at ing t'lTt'ct on lAA <'\«*n in tho 
absonoo of si'anitiziiig agiait. Inactivat ion in maxitniiin in wliito li^dil follow«*d by ]duo and 
gnson. 

It incroarti'8 wdtb timo and tho ratt^ ia much Inghtn* in aunliglit than in wbito liglil . 

Jn darknoas inivrt ivat ion in rolatoil with timo and lompt'iaturo. 

Organic acids adtlod to OV-V caus<' an a<‘colorat ion of lool growtli. 

I NTRODIUTION 

Two main th<‘orit‘s havt^ la'on put foruani to (‘xplaiti tropic nirvattircH cauHtHi 
by nnctpjal growth of an organ. While both sihools snpporl tht‘ itjt'a tltaf tluH 
is l aust'd by a dislialanct* ot anxiii dist ribnl ion: oiu* ol them considtTs I hat I hiH i« 
due to lat(‘ral tnvnnjiort of auxin while the oilier attribntt* it to (he* inaet ivation of 
auxin [)r(‘s<Mit. In ri'eent yt‘arH the laU*ral trauHport th(‘ory him'iuk to havt‘ IohI- 
ground due to tin* VNork of Bunning ct aL (Ibdb). 'Idu‘ir exjieriuKditu with 
radioat t iv(.* indole-aetdie aeid for testing tin* diversion of auxin stream by light 
giv(* no supjiort to llu' tlieory of auxin disbalane(‘ fiy transport. Idle authors 
explain pliototropism us due to tin* activation or inactivation of tbe growth 
hormones and assume that the same applies for geotropism* 

Th(‘ iiKK'ti vatiou (d auxin in rivif and in vitro impli(‘s deereast^ in eoneent ration 
which according to (Jordon (Ibbd) may lx* caus<*(J eith<*r by (a) tlu' ff(M*om[)osit ion 
of the auxin molecule to yield free inactive proiJncts or by (b) adsorfition or corufrh'x 
formation (binding) or both. 

VVdiile pure auxin is inactivatixf by various agencies such as peroxides, hot 
dilute mineral acids, visilih* and invisible radiation (dc., it is the latter agency to 
wliiih is mainly attributed the role of auxin destruction in plants. It lias lietui 
Huggesk'd by (hirdon (1951) that appreciable pliotolysis of indole-aert ie aeid is 
po.ssible only in th<* p^(^sen<‘e of internuxbary jiigrmuils or sensitizers. A nundier 
of coloured compounds, of wliich the most imjiortanl is riboflavin, has been hIiowu 
to posses the function of a stuisitizer, logidher with some: fluores<;ent comfiounds, 
which absorb ultraviolet rays and fluoresce in thc‘ visible* region (Kerri, 1951). This 
necessity of an intermeefiary' pigment or sensitizer le<l to the* formation of tho 
“Riboflavin theory of photoreeeption” by CJalston and Baker (1949). Accordingly 
riboflavin acts as a p)hotoreecptor in plant ccIIh in the photo-destruction of LVA, 
stimulating growth in darkness and inhibiting in light. This theory has received 
much adverse criticism in the last few years notably by (Joldacrc (1954), Gustafson 
(1948, 1953, 1954) and Mer (1954). 

♦Present address : Dept, of Applied f’lujmiatry, Oalcutta University. 

VOL. 26, B, No. 6. 
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Jn vi«‘U of this ( ontradiction it was thciii^rht nocessary to probe into the still 
ruuro junduiiicntal ta( ts (d* the dinsrt and relative <‘ffe( ts of li^dit, temperature and 
tifne ofj LU solntior»s ///. rltro. Althoujih it has been rejH^atedly suggested by 
various authors that i.i vitro exjaTiments do but little to elueidate the reaction 
♦ >< rijr f inuf in riro, but to strif) down any reac-tion to its fundamentals in vitro, experi- 
rrjrntM ju«- essentiej. Tin- effuet of light on pure lAA has been but rarely observed, 
tiordoii (IOr>t) reported slow plioto oxidation of f/V-\ notienl by Algeus (1940) 
arid fiim.M*lf; (Jefails are, however, not available. 

lu thf‘ present iiwest Igat ion an attrunpt has been made* to eorrelalt^ tiie various 
f^u Inrs whieh are likely to bring about a disbalan* r in the auxin distribution. 
AiFiongst theses the (dTeet of light and tenifierature in r<‘lation to time and also of 
organie a^ids has been studied. 

M\IKklALS AM) MkTUODS 

For all tlie e\[K‘riments prrform(‘d // ind<ilt‘ a<‘eti(“ arid (lA-V) extra pure 
(jiUF-lity of 10. M**rek wa.s userl. 'Pfie .solid I’AA v\hen not in us(.‘ was stored in a 
< ooj d.u‘k plare to prevent deroiripo.sit ion. Assay oj the (juantity of' fAA prestud 
in given solution was made hy the root inhihitiof^ test. As deserila^d previously 
(Sireur and Cliakrava,rt y , FdoT) r Ire r<»ots u(*r(‘ used as the test material for th(‘ 
i)ioassav. 4'he spfwiuted fire grains inste.irl of' b<‘ing go'ouii on agar slants \v(‘re 
;rrov\ fi III li({ui(i media of ^<1 r.r.t <* .( solution in a test t uhe and hy introducing a strip 
vd (liter pajier into the solution, tuo grains uere lixid to tin* moist iiltiU’ jiaper 
L* 4 mm. ahovr th<‘ litjuid level. A set often test tubes containing LMt germinating 
seed i were prepared for each solution; main root hmgths \v'(*n' mt^asiiri'd aftea 
IS hours’ growth iu (omph le darkness. 


E X l*KK I M KN I’A I . RksT I .'! < 

KxfiL So. I ; Efft vt of I Hfht , (iarhtH ss, antov/nvi loj. tnirfi rid! (ivtiriftf <ttni \)l{ an nololr- 
acftlr arid (/.I.I) 

A preliminary experiment was undiu'takmi to ohsiivi- the (*fFeet of (’ontinuous 
light at room t(un[>(M*at nre on fAA sfduiion; other factors which might affiau the 
ri'sults such as bacterial ai livily and //If were also taken into eonsichuat ion. 

In the experiments with light tiie intensity was lu/t im*asuit‘d, but it eomj)rise<l 
of one ft) watt tluoresieiit lamp at I ft. distaiie(‘ and oik' iCt) watt Inngstcui lamj) 
at lO It. distaiue from the (lasks eontiuning the solutions. This arrangenuuit was 

nsi'd f'or all sul)sct|uent expiuiments in whi<‘h light treatment was given. To eJuak 

tile elTi'et of />lf hall <4’ fS'ii h solution was luiffered before assay with Xa.^HPC) 4 : 
Kir;j5p()4, to maintain a /)([ of o,9. 'ffius linally for ass^iy for fs-u h (‘oneeiUration, 
the folkoviug seds wi're prepansl. assay being earricMi out in sterilised t(*st tubes. 

/. Distilled water as (‘ontrol. 

M. Distilled water autoelave<l at la lbs. pressuri‘ for 2t) mins. 

Hi. Distilled water buffertMl iiefore as.say. 

iv. Distilled water autoealved and buffered. 

V. Frcvsh fAA solution of tlie eoneeiit ration list'd for the tnvitment. 

ri. Fresh f/W of similar eoneentration autoelavcsl at lo lbs. pressure for 

2t) mins, 

vii. Fit'sh TAA buffered bt'fore assay. 
rin, Krt'sh [.\A autoelavetl and bufferetl liefore a.ssay. 

<>. LW solution treated with continuous light for 129 hours, 

A\ fiVjtV autotdaved and then kept in light for 120 hours. 
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xi, TAA kept in light lor 120 lumrs and hulfertNl belori' aasa^'. 
xif. lAA autoclaved, then kept in light for 1 20 Iiouph and buffered l>efore 
assjiy. 

xiii, TAA ke))t in darkness for 120 lumrs. 

xh\ lAA autoclaviKl before keeping in darkness fur 120 hours. 

XV. lAA kept in darkness fur 120 hours, buffered l)efure assay. 
xvi. lAA autoclaved, kept in darkness for 120 hours, buffere<l before assay 
From the results pri'sentt^l in Table I the follouiiig facts are evident : 

(1) Light at room temperature (27 | 2 (') has an inactivating effect on lA^V. 

(2) Even in darkness thert* is a certain amount of inactivation which is pro-* 
minent (‘ven though not inarked as in tlic ('ase of light treated o»u>h, hence 
other factors possibly time and tefuperatun^ had a bearing on it. 


Tawck I 

Effect of IVoJoav? EdCtofM JAght (12U /fM.), Jhirloic^s (120 /<rA.). Autorlorimj ntui AiUEtion 
of Tiuffcr - on lAA HolutionH {Cooes. 0.01 m</. /. 0.1 noj.f and 1.0 rng. l) tU 27 | 2‘<’ 


Set . 

Noluf ion 

A VC rage 

Poreent- 

Average 

Perc*eiit - 

Av*'rag<* 

P<'r<*ent- 

No. 

and 

loot leic 

age of 

root leri- 

t ag*' oi 

root l**io 

tage ef 


t reatnunt 

gth in iiiin. growth 

gth in iniu. 

growth 

gth in Mini. 

growth 

1 

Water 

05.02 

100.00 

ir,.4r> 

r.7.!tr)* 

100.00 

55 . 02 

100. (Ml 

11 

Water aut<»el4vv<'d 

0:i . H2 

‘>S.2I 

07.45 

89.30 

55 . 72 

100.04 

111 

Water bnlTered 

59 . 1 5 

91 .00 

52.05* 

90 . 85 

53.90 

98. (HI 

IV 

Water autoelaved aiul 
buffeoMl 

s:i. 

120.00 

55.09* 

95.10 

57.50 

104.0(» 



TAvV Hohit ion 

lAA solution 

lAA m 

>lution 



Cone. 

0.01 mg/I 

Com;. 0.1 ing/1 

(V)n<;. 1.0 mg/1 


lAA, frcRli 

4.1 . 75 

70.40 

24.55 

.32.10 

27 . 30 

49.02 

VI 

I A A, fresh, 
autoclaved 

44.00 

08.00 

.37.55 

49.50 

22 . 50 

40.59 

VII 

lAA, fresli, 
buffered 

47.80 

75.51 

55 . 08 

47.30 

30.79 

M . 02 

VMII I A A, frcHli, 
aut/oclavod, 
buffered 

47.95 

75.72 

35 . 90 

58.50 

23 . 75 

43. 2« 

IX 

lAyV 120 In’S, of light, 

55.09 

81.75 

57 . 02 

70.30 

30.20 

r.»5.21 

X 

lAA aut-oclavcMj . 

120 hrs. of light 

01 .89 

95.20 

05.45 

85.42 

50 . 89 

02.00 

XI 

lAA 120 hrs. of 
light, bufferrxl 

55 . 05 

85.02 

.17.00 

70.23 

29.65 

53. fK) 

XJI 

lAA autoelaved, 

120 hrs. of light, 
buffered 

00.25 

92.50 

r.(> . TO 

87.02 

47 . 80 

86.82 

XIII lAA 120 hra. of 
flarknesH 

.10.80 

78.21 

57. 6<) 

76.29 

21.10 

38.35 

XIV lAA autoclav^od 

120 hrs. of darkness 

57.27 

88,16 

49.30 

05.20 

30.79 

55.93 

XV 

lAA 120 hrs. of 
darkness, buffered 

50.80 

78.19 

47 . 95 

63.52 

30.79 

55 . 97 

XVI 

lAA autoclaved, 

120 hrs. of 
darkness, buffe‘re<i 

.19.26 

• 

91.12 

47.80 

82.50 

35.53 

43.25 


♦ Thefie aolutioriB haci as their control an average root length of 57 . 95 rnin. while the 
others liad 75.45 mm. as length of control. 
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(:{; Autoi hivioij; at lo lbs. pressure for 20 mins, has no inactivation effect 
on O.OI rn^ L lAA as there is no significant difference observed in the 
< Hse of the fresfi solution which is autoclavcMl and which is not. hut at 
oi her roiK cntrati<ins the r*‘sults are inconsistent. 

(4) Additi«>n of l)ufTcr has a stabilizing effect. Root growth wa.s enhanced 
\t) certain i a.scs due pr(»hahly to the hiitfer acting as a nntricuit. 

Hrpf. A o. 2 darAoe>s on iAA solution of con<'^ ntniiion tbi nojA 

tit infrrrtil'i nf 12 hours 

1'[jc effect of light and darkness was further followtsl up in relation to th(‘ 
time factor. O. I rng/l IAA .solution was autoclaved. Out* part of the solnti(U\ 
uas kept in light and th(‘ other in darkne.vs, at room Uunperature f')- Assay 

was carried out ( very 1 2 hours for I2t> hours. Buffer was added before assay, 
and a corUro! of buttered distilksl water was kef>t with each set. 

1’h(^ n.sults (Kig. I) of assayirig IAA at l2-hour nn«*rvals, in both light and 
dark tn‘atcd solutions, show that IAA hee(»rm*s inai t ivatt‘d with time. It is also 
iiotic(‘d that the rate of inactivation in light is siguiticant ly higlua* tl»an in darkness. 
'This leads to the coticlusion that (a) light alone .sensitizes t}i(‘ photoinaetivation of 
auxin ev'<*n in tie* ah.senec of photorccc'ptors. It a|)p(‘ars that afttu* /2 houi.s the 
inactivation leads to a low value of IAA which promot(*s root growth: (h) sinie 
inact.i vat i» »n also tak(*s plac(‘ in darkness <)tfi(*r factors such as time* and temp(Tatnr(‘ 
arc also eoneerm'd. 


rrec7 or U0 Ht a^d park ness oh iaa (cqnc. o t mclOwiTHTiMC 



Tr.XT-ru; 1. 


Hrpt. A'o. 3 at/onrrd Htjhi< on IAA solutitoi of tt.l rngjl 

The ('xperiment was designed to determine which part of the visible spectrum 

was most concerned in the inactivatimr effect of light on IAA. Coloured glass 
filters for light were used but neither the exaet values nor the intensiti(»8 were 
determined due to unavailability of proper measuring instruments. 
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A solution of lAA of 0.1 in^/l roiuvntrution was prepared aiui autoclavtxl 
in flasks, tour of them were put into boxes with ^lass Ii(fs eolotired red, yellow, 
^reen and blue respectively. I h(‘ fifth s<.»liition nnjis kept in a h(.)x with colourless 
i^lass lid for wliite light, and the sixth was wrap}>ed in i)lack ])jiper and enelostxi 
in a completely dark box with cardboard lid. 1'hey wt're kept at room temperal iin* 
(25 t and assayed at tiO-hour and l2<t*hour intervals, after butT<'ring. 

1 he results obtained are shown in Fig. 2. Maximum inactivation is noti<aMl 
in white light btung lolhoved by blu<‘ and grecui light r(‘sj>(‘ct ivcly. ft was also 
noticed that inactivation in red and yillow light had a value near to that obtained, 
by ke(*ping the si>lution i?i tlu‘ dark. 



'rKXT^JTlO. J. 


hxpL Ao. 4. Effect of .sjinlujht on / LI nolntion of concent rut ion 0.1 ntf/jl 

Previous experiments on photo inactivathm of lAA solution in vitro were 
performed in artificial light. In order to determine the efTects of the natural light 
containing ultraviolet and infran^d rays, an c^xperirnent was undertaken. The 
inactivation of 0.01 mg/I after the following treatnumt was asHayed by the root 
inhibition method and the results are presen ti*d in Table If. 

A (Set \^)— Flasks containing lAA solution wen; kept in complete darknesa 
at 32 -|~ 2^C. 

B (Set IV) — Flask kept in the sun but wrapjKxl in black paper to prevent 
entry of light. Temi>erature variation was (35^2^0) in day time and (32i:2'"C) 
at night. 
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(! (Sf't rri) Solutions exposed to direct sunlight fur 8 hours a day from 8 a.m. 
to 4 [j.rn. Trrnpcntture variation as before. 

Hefore setting up the experiment, fresh lAA solution (Set II) together with 
a eont rol <jf distilled wat(*r (S4*t I) was assaye<i after l>uflfering. At the end of the 
expiTirrient the inactivation was notic«Mi as behire. 

Table II 

of (tunlight on lAA {Cone. 0.1 ffujjl) 


'rnnii 

Soltitjon arid 

Avora^*’ root lorijjfth Starulard 

l7'n*onta^«' 



t T'^al inent 

in mm. orror 

of ^mowth 


0 hr. 

S. d I 


('oritrol IImO .■»7,9h 

• H.73 

100.00 


S«»t 1 1 


r'r4*Mh lAA 2t> . 2t> 

‘ 0.H2 

47 . 32 

H, IlfH. 

Sot I 


(V)ntr<»I ilO .77 . 2U 

* 3.00 

100.00 


s«a 1 f 


Krosh lAA 2h.t)() 

. 0.7s 

46 . 70 


Sot 1 1 1 


lAA oxp<iHod to Him 41 . 13 

: 1 .86 

71.91 


Svr IV 


fAA rlark trtMifrnOdt at 






Mnnlii.;ht D'liiponituro at 22.00 

2.82 

38.46 


Snt V 


lA A <Iark trodtmotit at 






room tomp<*rat nr<» 31.2f> 

7.64 

.7 4 . 66 

S4.tM III, IV 

' uimI y kopt 

in 

tho <Iark at ro«>iu tiniqaTat iini (32 • 2 (') tor 

IH firs. 


H hrH 

S.>t I 


(Vintrol Hd) 5ti.t>t) 

^ 0.05 

100.00 


Sot I 1 


Kronh lAA 27.0t> 

‘ 7 . 86 

47.76 

hrH. 

Sot I I I 


4t».4t) 

• 1 . 77 

82.00 


Sot IV 


33. OH 

9.00 

.78 . 37 


Sot V 


29 . 2H 

3.32 

7 1 . 67 

S«it^ [ir aii(i IV' kept in 

tlai 

Him (3.7 ‘ 2'(’) for 8 hrs. 



Sot V kopt 

in tfu> (lark at roam tomporttliiro (32 t 2 <’) for 8 lirn. 



S hrn. 

Sot I 


(V)iitrol Il.O <)ti.S() 

2.74 

100.00 


Sot 1 1 


Fr«*Hti lAA 21 .Ho 

i . 19 

37.49 

m hfM. 

Sot III 


49. HO 

t 0.77 

81 .49 


Sot IV 


41 fio 

‘ 7 , 76 

68 . 37 

H hrH. 

vS<a V' 


42.33 

2.17 

ti9 . 7.7 

S<»tH fir, IV and V' kopt 

in 

tho dark at 32 2 (’ for Di hr». 



8 lirn. 

Sot f 


Control H > ;7S.t4t> 

-1.47 

100.00 

: \(\ hrs. 

Sot 1 


Kroah lAA 20.93 

1.18 

37 . (»8 

• 8 hr.M. 

Sot ni 


.74 . 4H 

: 2 . 2 1 

92 . 84 

: IS fiiH. 

vSof IV' 


4,7.20 

. 2.18 

77.07 


vSot V' 


47 . 33 

i 2 . 93 

77.28 

S«'tN Ilf aiuf IV' kont id 

th»' 

• Nun (3.7 . 2 (’) for 8 hrs. 



Set V’ kept 

in 0)4^ dark at 3 

2 f 2 (' for 8 luH, 



H f\r«. 

Silt 1 


Control ll.d) f>3.HH 

* 4.16 

100.00 

IS firH. 

Sot 11 


KroaJi IA.V 24.73 

- 0.92 

38.73 

; 8 lirH. 

S4H III 


H0.4h 

2.47 

97.88 

r It» hrH, 

S4't IV 


47.13 

vl.27 

71.89 

^ 8 lu-H. 

S«t V 


46.73 

-2.99 

73.40 


Sets in, TV and V were subsequently kept in complete darkness at room 
tenqH'rature (‘k*) t:2^r) for 1(> hours after which tliey were assayed again together 
with a control (Sot I) and a freshly prepared lAA solution. The sets III, and IV 
were then returnetl to the sun and V^ vn\& kept in dark at room teinf>erature 
for 8 hours. 
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The process was repeatinl for three eonseeutive days. The hdloVing observa- 
tions are made from the data presented in Tal)l(* 11. 

(1) In the direct sun, the rate of inactivation was maximum which miji^ht 
have luNNi due to temperature us well as to the effect of the visible and the invisible 
rays. 

(2) The solution that was kept in the sun after wrapping in black paptT also 
showed a higher inactivation for iirst 24 hours than that placed in the dark at 
room temperature, but it was less inactivated in (‘omparison to the one exp<»sed 
to direct sunlight. 

Kxpl. No, 5. Effect of temperature on lAA in dark ness. 

lAA solution of t).l mg/1 was kept in 500 c.c. ilasks. wliich vven‘ ]>lugge<l, 
wrapped with black paper and then ston^l at tmnperatures of 0't\ I2'4/, 

30* 0, 40'^C ami 50'T\ Assaying was <lone after 00 and 120 hours together 

with a fresh lAA of 0.1 mg/1 and a control of distilled water. In (‘uch case tb(‘ 
solution was l>uffered before assay. Tlie restilts are pivsented in Fig. 3. 

The following effects of temperature woro noticed. (1) Inactivation ol lAA 
is directly proportional to temperature; with an increase of temperature therc^ is 
an increase in the amount of inactivation. (2) Timc^ fact.or is also 
evident from the fact there is a sliglit ina(*tivation at (f and 


EFFECT OF TEMPERATURE ON lAA CCOfiC. 0 / maicrr ) 

AFj E fiMH oiiE§. 



Tkxt-fio. 3 






of Uryiif;i 



I n> f<u ‘.t 1 - KrrwH i ' mo oro oro 
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Expt, So, iy : The eff(c( of onjauic arul< (^VZ/rr, Oxalic. Succinic) iki I A A. 

This (^vperiinent was oarritHt out in ordor to th'tt^nnino tlu* direct ol 

or^jjanit* acids on lAA solutions. Solutions ol oxalii* a<*i(,h <'itrir lii’id and succinie 

acid (purtMjuality of E. Merck) of coiu ciitrations 0.01 JUju^/l, 0.1 ui^ol an<l 1.0 uig/l 
were prepared. The following sets with s(»l\»tions of lAA ((’one. O.Ol 
0.1 in^/1, and 1.0 intr/1) were made. As.say was done ait<T ImffeniiK' O’ ensure 
that the (effect of the acid was luu du<‘ (o its ydf. Distilled water was used as 
control. 

i. (’ontrol -H.^O 

o'. lAA- 0.01 ing/1 

Hi. lAA t).l inir/1 
ir. JAA 1.0 111)1/1 

r. Organic acid O.OI mg/l 
ri. Organic acid 0.1 mg/l 
/'//. Organic acid 1.0 mg/l 
riii. lAA (O.Ol mg/l) i Organic acid (0.1 mg/l) 
ix. lAA (0.1 mg/l) t Organic a<‘id (0.1 mg/l) 

.r. [AA (1.0 mg/IH Orgnic acid (0.1 mg/l) 

xi. Organic acid (0.1 mg/l) i lAA (O.l mg/l) 

xii. Organic acid (0.1 mg/l) i lAA (O.l mg/l) 

xiii. Organic acid (1.0 mg/l) < lAA (0.1 mg/I) 

’The results ohtaimal an* expn*ssed in 1’ahlc ill. 

(I) '^riu* organic acids have* a slight inliihitory clfcat <m root growth. 

(‘J) The organic acids whtai pn‘sent togctlicr with lAA in c<jiial pr(»f)or( ions 
cause* neutralization of tin* effects of IA.\. and somclinu's show incnsiHc 
of growth ov(‘r tin* control. 

(.*?) All th(‘ organic acids ((‘ltd to show sitnilar (^ffc'ct «»n I A A. causing iiuTcfise 
of growth ov(‘r that of lAA. 

Discussion 

In tln^ ifi rifro c‘x jieriments diflcreiit factors, which may have* an inactivating 
♦‘ffect on lAA, or affia-t auxin met aholisTU, wen* invest igatcal. ’Plu' hictors may 
he group(‘(i under three distinct h<*ads : 

(a) Light jji relation to time and temperature. 

(h) 1\‘mpcratur(‘ in relation to time. 

(c) (Jrganic acids and their role in auxin metaliolisfu. 

Evidence* has been prescnt.esl here to indicate that I AA solut ions fiave a f cmdency 
to lK‘(‘ome inactivated with time*, at tcmp<‘ratures over oT’. This ina<*tivHt ion. 
with [)assag(n)f time, is noticesl in both light and darkness, the rate* l>eing much higher 
in thr* former. The gradual inactivation in light was [)r(*viously observed by two 
other workers. (Gordon (H)o4), in his review on oc'enrrenec*. formation and inaet iva- 
tion of auxins, mentioned (hat such an effeet had lM‘en ohs(*rved hy him, though up 
L) that time his data remained unpublishc’d. He also relerrecl that HU(;h a slow 
photo-oxidation of fAA was noticed by Algens (MHO). Th(^ slow inaedivation of lAA 
in the* dark too has not been reported elsewhere. Simre lAA is a substance witdi 
no absorption band in the visible H|>eetnjm. apprecialile y)hotoIy«is can only be 
obtaimul in the pres(*nce of an int ermediary pigment, or sensitizer, (lordon Huggests 
that the photon*eeptor in this case is the yirodnct of oxidation itself. This may 
be the <ta.se, as it is seen in the (*xfK*riTnents performed that the rate of inactivation 
is slow' in the first 3fi hourH'>>r so, afterwards the rate increases considerably; at 
the same time it is of interest to note that the rate is more equable in the case of 
the dark treatment. The question however remains as to the initial cause of 
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oxidation wfiicn forms pnKliu tH later coneerned in the photolysis as the intermediary 
pij/rnent . as also the faet that there is an appreciable inaetiv^ation even in the dark. 
A possilde explanation of the data might lie in the fact that aqueous lAA solution 

a t4*nden(‘Y tovvanis inactivation with tirnt^ which, though slow, is yet appreciable 
and perhaps I h(^ ag<*nt which causes the primary inactivation leading to the formation 
of the photolytic* intermediary, ft is also siiL'gested that the temperature may 
have a hearing on this j>henomen(jn. 

The effec ts of temperature, as demonstrattMl in tlie exjMTifiierits carried out, 
sh<»w that with iiUTt^a.se of tern[M‘rature there is a decrease in the concentration 
of FAA in the dark vvlii{‘h is alsrj eorreiatt‘d with time. L\.\ is scarcely decreased 
in cnficeiitrat ion at 0 t \ <‘ven after Il!h hours; on the other liand the solutions kept 
at dt) (’ arid above were cdinpletely inactivated after iLht liours. Tin* thermal 
inactivation of lAA in the dark lias supporting (*vidence from the work of M<‘r (Uir>l). 
f lis high teitiperat nrc exfierinient shows a de(Tf‘ase in the total haigth of the treiitcd 
avc'ua si'edling m relation to control, this (‘ffec t might be ( itc'd as evidenee for the 
dent met ion of auxin or any other growth promoting metaholit<*. However in 
this case tlicrc i.s an iruTcasi' in th<^ growth rate of tlu* coleojdile and delayed response 
in th(^ riu'socotyl. (ialston and Hand (HH9) explained the reduction in the length 
of tlu^ [)ea epicotyl following treatment at 35 and above, in term.s of th(Tmal 
dc.stnu'tion of adenine. In view of tlie wide distribution of adenine in jilant cells 
Mer finds it dilhcult to ex|)lain tin* inverse growth of tli(‘ different parts of the 
seedling on this basis. 

(Jregory and Hancock (l!lor>) showed that both rat(‘ and amount of auxin 
Iraasjxirted are e(|iially iemjxTature de|MUulent. Th(' rate of transport of native 
auxin is almost nil at t) ’(’ in shoots of apple and reaches a value of 1 cm. /hr. near 
the <»[)timum temperature of 27^('. fn the range hetwi'cn 10‘0 and !UbC, the 
iraris|M)rt has a of tlu' order of 2. fn view of thes(» facts, tlu* inerca.st^ of I'oleiqitile 
length in the high temperature treatment, wIhtc there is general (ItMTcase in growth, 
may h(» t^xplained on the ground that tin* eoneentration of the auxin in the eoleoptile 
not only balances (hat of the t hermal-inactivatic)n but. then* is an increase in th(‘ 
uativ(‘ auxin resulting in aeeelerated growth. The iruToase in coiu'cntration may 
be du<> to th(' fact, that at certain tmnptTature (up to 30 (’), t he rate of synthesis 
is high enough to balance not only iiuTea.sed inactivation hut also increased ratf* 
and amount of transport. Al>ove 30 (' howeviT both the rate and amount of trans- 
port are lowered and this is an additional factor which may intiuence increased lAA 
('oncentration in the eoleo[)(ilt' rcvsulting in gr(*ater length. The im'soeotvl on the 
other hand is not a .s(»al nf auxin synthesis. So here incre^ase can only take place 
if the amount transfiorted is greater than the amount inaetivated. At temperature 
above 30 howiwer th<* transport amount as wtdl as its rate deiToases and simul- 
taneously the rate of inactivation increases. These two effects together may 
ac(X)unt for a possible decrease in amount of auxin present and hence for the retluced 
iiieso(*otyl growt h. 

[n plants growing in the ofien, many physical tactors may cause variation 
in its auxin content. Not only does the thermal effect come in but also sunlight 
containing the visible, ultraviolet and infra-red rays. Theses are potent auxin 
inactivator as eviilent from the faet that the treatnnuit in the sun causes extremely 
rapid disj\p|fx>arence of LVA from the solution. From this it may be suggest-ed 
that there is continuous inactivation of LAcV in vivo caused by time, temjierature 
and radiation, and in nu)8t east's this inactivation rate is balanced by the rate of 
synthesis. When it is not so, tluetuation in growth results. 

Reinert (1952) pointed out particular difficulties of using root inhibition test 
for determining auxin activity of plant extracts and like materials beoAuse of the 
masking effect of at ids. salts and other organic compounds present in the solution. 
It was thought that the free organic acids would have the most effect since it was 
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showa by Ulrich (1941), Bonner (1949), and Nit^ch and Kitsch (1955) t^) Im> iutU 
mately linked with auxin mebibolism through respiration. 

Eberts, Burris and Biker (1951) working on tlu' effectvS of lAA and eornmon 
organic acids on the respiration of tomato and crown gall tissue slitx^ showxid 
that most of the acids tested increase<l resjnration of iintreatt^l stem and gall slices 
both at 27^^ and IWW In no case did the organic acid appreciably reverse the 
inhibitimi induceil by 10^ M JAA, Kitsch and Kitscli (1955) obsiTVtHl that the 
juice of tomatoes, which is known to contain a large proport um of organic ai’ids. 
does not stimulate the growth of plant tissues unlt^ss auxin is added at the mune 
lime, but in case it is, the effect greatly exceeds tliai of auxin al<m(\ 

Though growth only has been noted in the (‘xperiments performed with organic 
acids and lAA on rice seeds, and n'spiratory rates lias not hvon measured, yet the 
growth data are in aceordance with the results ublaiiKMl hy other authors. Organic 
acids have au appreciable inhilutorv effect at the concentratir)n of I mg/L, but 
at lowcT eoueentrations the effect is almost nil. The inhibitory effect of IvV^V is 
still more marked over a wider range. It has alst> been nolierd that organic acids 
when added to lAA (‘aiise a mark(‘d stimulation of growth, which in c*erlain easels 
exceeds that of the control. The hc^st neutralisation of the (‘ffeds of f.^VA by organic 
acids is obtaincxl wlien ecpial cpiantitic.s of tlie two arc inix(*d. In cases where the 
eoneentratiou of organic* acid is lo\vc*r. it is not aide* to nc'utnilise (lie effec‘t of the 
high lAA concentration, but in cases where the organic acid content is higher, 
stiin Illation is also cdiservcsi but not so market I due probably to the fac't that at 
high eonc(*ntrations organic acids in thems(*lves are inhibitory. 

Karlsson and Kliasson (1955), on the basis of rc'spiiatory d(*t(*rnunationH on 
the elongating whcwit root scM’tioiis, snggestcal that in the* absence of substrate, 
cell wall dissolution may actually ocaur in the c*x1(*nsi()n r(‘gion with the utilization 
of ndeased organic jiroducts as rc‘spira<ory sulistratc*. 

Torrey (1959) points out that root c'longation is d(*p(‘ndc*ni on cellular nudabob 
ism inclucling at Ic'ast at*robic rc‘S[uration and concomitant plmsphorylation. 

The conc lusion, drawn from the jircvicms work and the expc*rimentH performed 
liore, is that organic acids stimulate auxin inhibitcxl root growth by ^uj)plying 
resjiiratorv substrate;. One of the c‘au.s(‘s of auxin inhibilion of root growth may 
be that not enougli substrates is available for auxin iiiducc‘d respiration, wliich is 
known to be muc h higheu* than that of the normal rate, and respiration suiiplies 
the energy nc*(*f*ssary for growth; r(*tanlatic)n of this process would lower growth 
rate. When an organic: acid is siipplical it entc^rs into the; active metabolic cycle 
supplying additional substrate for increased auxin-induced respiration, thus 
promoting growth. 


liKI h:KKN(.’KS 


AIj^ouh, S, (ia4C’>). Hot. Xoti.si'r, llMC {('ili-il from (lonion iao4). 

iionner, J. (IDtU). laraitiisi,; factors nn<l ^zrowtli iiihitiitorh in tin* ^^rowth t>f tin* avena colt^optilr* 
Amrr. J. Hof. 36 , 

liunriing, K., R'^iscnor, H. J., WoyK^ind, F., Simon, H., Klnln\ A. F., Vcjrstifrho mil 

raflif>activer InUoIylosHi^saiiro /ur Prufiin^ <lcr Sof^fninanten (Ich Wiichnlior- 

monstroinos cJurcdi Licht , Z. JS’aturf., IHUU), ,Sa3-3r»4. 

Kljcrlrt, F. S., BurriH, F. H. and Hiker, A. J. (llFii). TJic‘ effect of indoJiv3'acetic a< id and 
common ijr^anie acids on the rc'Hpiration of Hlic es from tomato nt^'m and crcnvii gall tiH«uo 
Amer. J. Hot., 38, 01 84)2 L 

Ferri, \f. (J. (11)51). SaturCi 168, 334 ((’ited from (lorolon, 1054). 

Oalstoa, A. W., and Baker, H. S. (1949). StudicH on tho physiology of light aetion, M. tho 
photodynamic action of rihodaviit. Amfr. ./. Hot,^ 36, 773-780. 

Oaston, A. W., and Hand, M. E. (1940). Studic*H on thci physiology of l;ght action 1. Auxin, 
and the light inhihition of growth. /!>?</. . 36, 85-94. 



420 SIBCAH AND B 08 B ; ^-INDOLl ACETIC ACID 

(joUlttfire, P. L. (1954). The photochemicnl inactivation of indole-acotic acid nenaitited by 
non protein rumpoaeiiti* of plant tiiu»uea. Augt, J, Biol. Sci., 7, 225-250. 

Gordon, S. A. (1954). ()c<;umm(c, formation and inactivation of auxinn. Ann. i?ft\ Ploni 
Fhytfiol., 5 , 341 37H. 

Gmsfory, F. C. and Haricwk, C, E. (1955). The rate of tranapurt of natural auxin in woody 
Mhuo|«. Ann. Hot. N.S., 19 , 451-405. 

UiWtafHon, F.G, (1948). The inftuent^e of light interi.Hity upon the concent ratin of thiamin and 
rihoflavifi in nlantft. Plant Phjttiol., 28, 373-378. 

(1953). The influence of photoperiod on thiamin, riboflavin and niacin content of 

green plautn. Ayner, J, Bot.^ 40 , 256-259. 

(1954). SynihcHia of 11 vitainina by exciaod partu of white lupin «ei‘dling8 grown in 

Hterilc rullurcH. Arch. Biochnn. Biophyn., 62, 190 196. 

KarlHHon, II and EliaMson, L, (1955). Physiol. PlnnUirum 8, .561-571 (Cited from Torrey 1956). 

Mer, V, L. (1951). A critical Hiudy of the auxin theory of growth regulation in the maiocotyl 
of Avttux saliva. Ann. Hot. A’.iS'., 16, 179-207. 

XilHc li, J. P. and Xitwch, (’. (1955). At tion Hyuergiejue ileHauxinn oi dor Jus do tomatos sur la 
cfoiiwwincc dc tinsiis vogcta\ix rtdlurH in vitro. Bull. Sor. hot. France, 108(9), 519-527. 

Keinert, J. (1952). Z. Hot., 40 , 77-81 (Cite<l from Torrey 1956). 

Sircar, H. M. and Chakravarty, .M. (1957). Studu^a on the physiology office. XIII. Distribution 
ol tree auxin in dilTerent organs of the plant. Vroc. nnt. Insf. Sci. Indiu, 23H, 102-116. 

Trorroy, J, ('. (19,)6), Physiology (if root (Jongation diin. Rev. Plant Physiol., 7, 237-266. 

Clrich, A. (1941). .Nfotabolinm of non-volatile organic acids in exc ised Imrloy roots as related 
to (*ation-ani<>n halaiK^e during salt accumulation. Anicr. J. Bot., 28, 526*537. 






